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TRIFOCALS VERSUS VOCATIONAL BIFOCALS 


‘Tritocals today are very popular, and a great portion of the public 
seems to adapt to them very readily. However, we had a recent case 
—a banker—-whoe didn’t like his trifoeals. Working in conjunction 
with his ophthalmologist, and discussing his objections to the limita- 
tions of the field in both intermediate and reading when applied to his 
banking tasks, it was decided that we would make him two pairs of 
bitocals—-one pair, his distance correction with a rather small reading 
segment for street wear; the second pair, his intermediate correction 
in the distance portion and a large “AA” style Ultex tor the reading 


portion, to be used tor his desk work, 


lt a banker can ever be really happy, this man is now a happy 
banker. He tells us that in conterences and paper work at his desk he 
has a wide range of vision and is not too badly fogged while looking 
into the distance. Further, he has a large reading field tor studying 


the papers and figures he must read so carefully. 


The banker also told us that this type of vocational bitocal can 
change a “do-it-yourselt-job” addict trom a potential menace to a 


skilled craftsmen, 


“if it’s a lens problem, let's look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
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Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, ete., should 
be addressed to Specially Journals, American Medical Association, 535 North Dearborn 
Street, Chicago 10 

Articles, book reviews, and other materials for publication should be addressed to 
the Chief Editor of the Specialty Journal concerned. Articles are accepted for publica 
tion on condition that they are contributed solely to that journal. 

An original typeseript and the first carbon of an article should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 1-inch 
inargin at each edge. An article in English by a foreign author should be accompanied by 
a draft in the author's mother tongue. Improvised abbreviations should be avoided. 

Phe main tithe of an article may not contain more than seventy characters and spaces, 
a subtitle may be of any length. The subtitle should be sufliciently detached from the main 
litle thal a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main tithe; it must not begin with “with.” 

The author's name should be accompanied by the highest academic or medical degree 
Which he holds. If academic connections are given for one author of an article, such con 
nections must be given for all other authors of the article who have such connections. 

Typographic considerations necessitate that the first paragraph of an article contain 
not fewer than thirty words. A Case Report must be preceded by an introductory para 
graph containing at least thirty words before the details of the case are given. 

faterial quoted from another publication must be quoted exactly if the original is in 
english spoltina, capitalization, punctuation, ete., unchanged. Material taken largely from 
another publication must be credited to the original author, whether quoted exactly ot 
merely abstracted. If such material is quoted indirectly, the author must be careful to 
leave no complete sentence of the original unaltered. Use of uneredited quotations will 
be suflicient cause for rejection of an article. 

Each article should be accompanied by a summary in the present tense, presenting the 
main points of the article, but in somewhat more generalized terms than in the article 
itself, 

If it is necessary to publish a recognizable photograph of a person, the photograph 
must be accompanied by written permission of the subject himself if an adult, or of the 
parents or guardian if a child, to publish his photograph. An illustration which has been 
published in another publication must be accompanied by written permission from the 
wuthor and the original publisher to reproduce it in an A. M. A. Specialty Journal. 

The maximum illustration allowance is ten illustrations within a total of 100 sq. inches 
or S100, whichever is of greater advantage to the author. When no restrictions are placed 


by the author upon cropping, reducing, and grouping, the publisher is often able to use 
twenty or more tllustrations in one article with the S100 allowanee. Submit sharp prints of 
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should be prepared and pasted to the back of each illustration showing its number, the 
authors name, an abbreviated tithe of the article, and top plainly indicated. Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 
captions. TT IS PREFERRED THAT ILLUSTRATIONS BE UNMOUNTED. 

teferences to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrange 
ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
manuseript. They should conform to the style of the Quarterly Cumulative Index Medicus, 
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f foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in’ English translation or all be in the original language. Titles in) other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles, 
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Wishing you 
a Merry Christmas 


and New Year - 


PROSPERITY 


1 Orthogon series of corrected lenses— 
for maximum patient satisfaction. 


Panoptik bifocals and trifocals— 
for natural, youthful visual habits. 


Ray-Ban lenses—for finest glare absorption. 
Soft-Lite—cosmetic fleshtone tint. 


Frames and mountings in pace-setting styles. 
Gold filled materials of unexcelled precision. 


Seasoned plastics in distinctive, modern colors, 


Neat, compact, legible—the Bausch & Lomb Calendar has become 
4 popular feature in professional offices throughout the nation. 

It displays each month's calendar from both sides. Uf you haven't 
received your 1956 edition, just write us on your letterhead: 
Bausch & Lomb Optical Company, Dept. F068, Rochester 2,N.¥ 
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MAGNETIC CAMPIMETER 


“EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
configuration of the visual treld with 
great savings of tume and effort 
The Conover -Spaeth Campimeter 
is 24” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 104.” from the central 
fixation point. The operator, stand 
mg behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual field trom a 
“Concealment Circle’ and is con- 
trolled by a magnet from the back of 


the campimeter, The patient is not 


able to anticipate or even guess on 


which radius or from which side, 
righcorlete, the test object will appear 
This assures accuracy and elimi 
nates ume-consuming rechecking 
The back of the campimeter is 
clearly marked in degrees of the 
circle and angles of vision to con 
form to the standard Berens chart 
tested is immediately 


Each radius 


entered on the chart No markers 
to be placed or removed 

The time saved in each examina- 
tion creates Opportunities for more 


or other office work 


ABSOLUTE ACCURACY 
FAR FASTER 


“helds 


Write for detailed information. 


MANUFACTURER AND GENERAL DISTRIBUTOR 


GEORGE P. & SON CO. 


3451 WALNUT STREET PHILADELPHIA 
HEADQUARTERS FOR INSTRUMENTS FOR OTORHINOLARYNGOLOGY 


Conover- Spaeth’ 


(HYDROCORTISONE. MERCK) 


effective in some cases in which 
cortisone was comparatively ineffective ...”’ 


In the treatment of ocular disease, Hypro- 
CORTONE “has proved effective in some cases in 
which cortisone was comparatively ineffective.””! 
“The ideal treatment schedule in any severe 
intraocular inflammation, especially of the pos- 
terior segment, consists of an initial course of 
systemic therapy.”"' When the condition im- 
proves, local therapy may be adequate for control, 
“Approximately 60 mg. daily has proved to be 
a good maintenance dose in chronic cases. There 
has been a surprising freedom from side effects 
such as Cushing's syndrome.”’! 
INDICATIONS: Anterior segment inflammatory 
eye diseases and posterior segment inflammatory 
eye diseases. 


SUPPLIED: ORAL — Hyprocorrone ‘Tablets: 20 
mg., bottles of 25, 100, and 500 tablets; 10 mg., 
bottles of 50, 100, and 500 tablets; 5 mg., bottles 
of 50 tablets. OPHTHALMIC — Sterile Suspension of 
HypROCORTONE Acetate: 0.5% and 2.5%, 5-ce 
vials. Ophthalmic Ointment of HyprocorTrone 
Acetate: 1.5%, 3.5-Gm., tubes. 


ARV 
Philadelphia 1, Pa. 
DIVISION OF MERCK & CO., INc. 


REFERENCE: 1. Gordon, 1).M., Am. J. Ophth. 37-533, April 1954. 
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Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 
‘Your prescriptions, conceived from your rich 
fund of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of ‘ 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has * 
consistently maintained throughout its 31 years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. £. DOW, Pres. 


Chicago, III. Bloomington, Ill. 


2.2x 


Ac UIT Y ? lt. 


Many Cases with visual acuity as low as 2% 
can be aided by 


These successful aids to subnormal vision are 
available in two powers, 1.7 of 2.2 diam- 
eters. Spectel telescopic spectacles are fitted 
without complicated equipment or proced- 
ures, Trial sets are moderate in price. 


VELESCOPIC 
Complete details in Bulletin 302, available 
from your optical supply house or direct 4 SPECTACLES 


from us. 
Distributed in Canada by 
® 


KOLLMA®O Imperial Optical Company 
CORPORATION 


PLANT, NORTHAMPTON, MASSACHUSETTS 
NEW YORK OFFICE: 30 CHURCH ST., NEW YORK 7, N.Y. 


4 QUALITY SERVICE 
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Disposable, transparent plastic tubes 
with dropper nozzle and replaceable cap 


NON-FLAKING ® Sterile - Fully Potent 

UREA CAP 

TO KEEP DUST Hermetically Sealed 

OFF NOZZLE 
Controlled Dropping 


BLIND TIP FOR . 
HERMETIC SEALING Salvageable Remainder 


TRANSPARENT WALL Light - Unbreakable 


AS AN EXTRA CHECK 
AGAINST POSSIBLE Space Saving 
FOREIGN BODY 
CONTAMINATION For Operating Room 


Hand Bag 
Treatment Stand 


= AIRTIGHT SEAL 


Packaging - Boxes of 10 and 25. 


Atropine | °%/, Tetracaine '/2 Fluorescein 2°, others. 
Send for free sample box of Droppx rcette 


THE ISO-SOL CO., INC., BROOKLYN 17, N. Y. 


New! 
Ko“ 


A NEW 


. 
F for the 

MAINS OR BATTERY OPERATED 


This new instrument is recommended lor 


difficult and border-line cases, and particularly 
where the pupil is small or where opacities 


are present. It combines optical and mech- 


anical precision, is durable and easy to handle 


and gives maximum homogeneous illumination 
Although designed primarily for direct use and 
for the usual critical examination of the cornea, 
lens, vitreous, etc., indirect ophthalmoscopy can 
be effected under dark room conditions. It will 
not measure refraction, neither can it be used 
for Slit Lamp examination, these very im- 
portant functions being better performed by 
specially designed instruments. 


i‘. above) Battery Model 
For des::ptive leaflet left Mains Model 
3 please . showing head in obverse 
and reverse 


of ENGLAND 


CLEME 


WIiIGMORE STREET, LONDON, ENGLAND 


Cablegrams Clemclarke, London 
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Wishes 


a Happy Holiday 


Season 


Christmas gives us a special opportunity 
to pause and say “thank you” 
to our many loyal friends. 


Your confidence in BENSON OPTICAL Co. 
appreciated, 


Since 1913 B CHAO Executive Offices * Minneapolis 2, Minn. 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN Upper MIDWEST CITIES 
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WIES Chelezion Forceps, 
with flottened top, to allow 


CHALAZION FORCEPS The LAWTON “Company 


BY LAWTON 425 FOURTH AVENUE MEW YORK 16, 


LORDAN Chelazion Forceps, 
with pointed jaw, to facili- 
tate access to the smaller 4 
types of chalozia either ot 
inner of external conthus. 


Stainless Stee! $10.50 each 


OPHTHALMIC INSTRUMENTS 
OF PRECISION 


15 WIGMORE STREET, 
LONDON, 
ENGLAND. 
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NOW YOU DON'T 


OOPS! WHAT'S THIS? 


NOW YOU 
(i) 
l) | 
> 
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MISION-EASE 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


49 East 51st Street, New York 22,N. Y. | 


Manufacturers of all types of Contact Lenses ~~ ® 


Branches in 


PHILADELPHIA MONTREAL JOHANNESBURG 


Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 


MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic ov Glass Selections Sent on Memorandum upon Request 


Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 


near 53rd St. Tel. ELdorado 5-1970 : 
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—storz——— NEW - LIGHT - POWERFUL 


Power: 


Advantages... 


Storz Instruments are 
available from Storz sales- 
men only. We do not dis- 
tribute under any other 
aame or trademark. 


Storz Atas Hand Eye Magnet 


E-6650—Eye Magnet, Atlas: complete with four tips in wooden case and sepa- 


rate rectifier with footswitch. Small size for maneuverability and ease 
of handling. The magnet weighs 4.6 lbs. The rectifier with footswitch 
weighs 8.7 lbs. The type of tip selected is dependent on the position of 
the splinter. For strongest pulling power, the large cone tip is applied. 
More effective results are obtained by stepping on the footswitch 
repeatedly to get short interrupted pull rather than a long steady pull. 


The absolute pulling po'ver at the flange is 12.5 kg. or 28 lb. The ball 
jump power is 38.5 mm. The handling is not interfered with by strong 
directional pulls. 


Small size—Light weight—-POWER! — 


Made for 110 volt, 60 cycle, alternating current. If other current or 
voltage is desired, please specify. Uses 150 watts. Developed and 
tested at the University Eye Clinic in Kiel. 


Complete—$149.50 


E-6654 Magnet Tip, Intra-ocular, BONACCOLTO: 
small. $3.75 


E-6655 Magnet Tip, Intra-ocular, BONACCOLTO: 
large. $3.75 


These tips not included with magnet 
Please order separately 


Order directly from 


Storg Instrument Company 


4570 Audubon Ave. St. Louis 10, Mo 
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A NEW SERIES IN 


Titles in the new series 


® PARENTS’ PRIVILEGE 

for parents f young children 
of pre-school and early 
school age 


®A STORY ABOUT YOU 
for children in grades 4, 5, and 6 


® FINDING YOURSELF 


for boys and girls of 
approximately junior high 
school age 


® LEARNING ABOUT LOVE 
3 for young people 
! of both sexes (about 16 to 

20 years of age) 


® FACTS AREN'T ENOUGH 


; for adults who have any 


responsibility for children 
or youth that may create 
6 need for an understanding 
; ol sex education 
5 PRICES 
; Note: Discounts apply to 
4 quantities of any single title, 
ORDER BLANK 
or to quantities of sets 
iclosec (no stamps r the following pamphlet(s 
Quantity Price Er ed is $ amps) for the f 3 pamphlet(s 
itle Quantit 
ik 10 109 450 1. PARENTS’ PRIVILEGE 
9. A STORY ABOUT YOU 
23 8.75 3. FINDING YOURSELF 
INUIING JURSEL 
| 4. LEARNING ABOUT LOVE 
‘ 5. FACTS AREN'T ENOUGH 
1000 60 % 200.00 
; Complete set of five 
set of 5 titles, $2.25 
Please send pamphlet(s) to 
it Please Print 
Distributed By 
Name = 
Order Department 
treet 
a AMERICAN MEDICAL ASSOCIATION City 
: 535 N. Dearborn St. Zone state 
Chicago 10, Ill. 
a OP 12-55 
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SLIT LAMP APPARATUS 


ON INSTRUMENT TABLE OR COM. 
POUND STAGE, the latter designed 


for electric tables or refracting units. 


Requires no adjustments, The 
slit lamp can be swung past the 


corneal microscope without in- 


terruption of observation. 


he 


magnifications by simply turning 


Can set for five different 


a without changing objec- 
tives, evepleces, or the working 


distance, 


luminating rays and sharpest 


Maximum brilliance 


possible definition of the micro 
MADE BY scope images. 


Supplementary equipment, such 


as Hruby lens, gonioscope, photo 


attachment, ete. are available. 


IN WEST GERMANY 


ACCESSORIES 


ATTACHMENT FOR GONI 
OSCOPY (left) consisting of: 4 
mirror contact glass with handle, 


carrier and rotating device. Rota 
table prism in mount. To keep lid 
apart during examination we offer 
one each small and large lid 


separator 


PHOTO ALLACHMENI 
with electronic flash equipment to 
automatically photograph anterior 


(right) 


egment of eye at magnifications 
of 


Ix or 2x 
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IN CYCLOPLEGIA... 


CYCLOGYL 


HYDROCHLORIDE 
brand of cyclopentolate hydrochloride 


e 
+ 6 


SAVES TIME 


... for you... with rapid onset of action 
| .. . for your patients . . . with rapid recovery 


Cyclopentolate hydrochloride . . . produces a rapid {30 to 60 minutes}, intense cycloplegia and 


mydriasis of moderate duration . . . and is effective in highly pigmented irises and for persons of 
all ages New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Company, 1954, p. 189 


Cyclogyl has shown outstanding qualities in 1035 cases.' 


(Incorporaces work of 11 previous investigators 


Dosage and Administration Diopters of Residual Spontaneous Ke 


Compound 
(drops) * Accommodation (in he 


Cyclogyl 0.5% 4 10 24t 


Homatropine 2° of 2.00 is 
ive drops at five minute intervals tRecovery time reduced to six hours after one percent 5 arpine 
1. Gordon, D. M., and Ehrenberg, M. H.: Am. J. Ophth. 48-831 (De 1954 


7 
4 
4 


the chiet handicap of maximum cycloplegia, namely its incapacitating effect, 1s minimized 
Gettes, B. A.M.A. Arch, Opbth. 51:46 Apr.) 1954 


Cyclogyl, “by virtue of its brevity, rapidity of action, and consistent depth of cycloplegia, will be 


La drug of choice} for routine refraction . . .” Ehrlich, L. Hos New York J. Med. 54:3015 (De 
Dosage Supplied 
- Cycloplegia — One drop 1.0%, in each eye (or two drops of Sterile ophthalmic solution in Gifford’s Buffer ( pH 6.0 
0 produces maximal cycloplegia in $0.60 minutes 0." Solution «c Dropper Borctles 
: ery time is normally 4.12 hours spontaneously. Pilox Solutio 1S cc Dropper Bortles 
ery time leeply pigmented eyes, 2 drop 2 Dropper Bortles 
n each eye. insilled 10 minutes apart, achieves satisfac 
ory cycloplegia in 98 of cases ; 
Mydriass One two drops of in each eye > shiofedin be. Since 1794 
% 
z Samples and Literacure on request Pharmaceutical and Research Laboratories 


New York 3. N. Y. 
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The following paper was submitted to the A. M.A. Archives of Ophthalmolog) 


Dr. Jonas lriedenwald shortly before his untimely death, on November 6 

It is the last of many contributions he made to the Archives. It seems fitting at 
this time that the E:ditorial Board should announce with great sorrow the passing 
of a member whose name will endure throughout the years as one of America’s 
greatest ophthalmologists. An obituary will appear m the January issue 


FRANCIS Tleep Apter, M.D 


. 
Aqueous Dynamics 
Theoretical Considerations 
JONAS S. FRIEDENWALD, MD., Baltimore 
and 
BERNARD BECKER, MD. St. Louis 
In a series of papers, Kinsey * developed the technique of posterior chamber 
taps and has applied this technique both to the study of steady-state relations 
between plasma and posterior and anterior chamber concentrations of normal 
constituents * and to the analysis of aqueous humor dynamics as disclosed by the 
changing concentrations of a test substance in anterior and posterior chamber 
following the injection of such a test substance into the animal. 
lo express the rate of change of concentration of the test substanee in the 
anterior chamber, Kinsey and Palm have used the equation 
it 
where Cx, Cy, and C, represent, respectively, the imomentary concentrations ot 
the test substance in the fluid passing through the pupil (@), in the anterior chamber 
(a) and in the plasma (p). Ay’ represents the rate of flow per minute as a fraction 
of the volume of anterior chamber; Aq represents the corresponding rate of dit 
fusional « «change between anterior chamber and plasma Lhus, the rate of change 
of anterior chamber concentration 18 expre ed as the alpebras um of inflow 
A outflow A and diffusional exchange Ag(C,—Ca) 
It is the purpose of the present paper to examine the factors involved in what, 
» at prese nt, can be considered required in any reasonably complete theory ot aqucous 
humor dynamics. The analysis will proceed in two part In the first we shall 
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consider the assumptions involved in [Equation (1) and attempt to establish, it 
possible, the limits within which these assumptions are valid. In the second we 
shall show that under certain further limitations this equation may be integrated 
Che application of the integrated equation to experimental data furnishes a further 
test of the validity of the underlying assumptions 

Equation (1) is closely related to the expression originally used by Kinsey and 
co-workers in developing the theory of diffusion plus flow as applied to aqueous 
humor dynamics.t In all preceding work, however, it had to be assumed for the 
purposes of simplification that the concentration, Ca, of the test substance in the 
fluid entering the anterior chamber via the pupil was constant so long as the plasma 
concentration was constant. Kinsey and Palm’s new contribution consists in using 
posterior chamber taps as an assay of the momentary concentrations Cx. leven 1 
fluid entering the posterior chamber contains a fixed concentration of the test 
substance as long as the plasma concentration is held fixed, the concentration in 
a mixed sample of posterior chamber fluid cannot be expected to be constant, 
because the volume of the posterior chamber is not negligibly small and time 
required for its filling with the newly entering fluid. Moreover, at the beginning 
of such experiments as Kinsey and his co-workers have performed the concentration 
of the test substance in the vitreous and lens is zero, while at the end of the 
experiment these concentrations must have reached some steady-state values. The 
up of concentrations in these “posterior reservoirs’? must occur part 
at the expense of test substance lost from the posterior chamber. Thus, there 
are sound a priori reasons for expecting the posterior chamber concentration, and 
hence also the pupillary concentration of the test substance, to vary during the 
course of the experiment. [Previous investigators have not been unaware of these 
complications. However, until the technique of posterior chamber taps was devel 


oped, such considerations could be of only theoretical interest 


LATION 


lhe experimental data of Kinsey and l’alm bear out these a priori expectation 
and reveal the complicated course of concentration change in the posterior chamber 
The general validity of Equation (1) is strongly supported by the finding that 
with each of two different test substances—-radioactive sodium and. thiocyanate 
Kinsey and Palm obtained an essentially identical estimate of the rate of aqueot 
flow, Ay. If we divide Kquation (1) by (C, a), we obtain 

This equation is evidently of the form 


Since XY and Y can be determined from. the experimental data, 


validity of Iexquation (1) is the linearity of a plot of XY vs. } 

Kinsey has supplied us with the exp rimental data to make tl t po sible 
In order to be independent of previous efforts at curve fitting, we hi: made our 
own estimates of the smoothed curves which seem best to fit the data. The result 
of this curve fitting are given in Table 1 Curves were drawn representing 
the course of the anterior chamber concentration with respect to time, and 


slope of these curves at different time values was estimated graphically. The resul 
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lurnover Kat Sodium and Thiocyanate in Kablit 


are shown in the columns headed wt in ‘lable 1. ©, is arbitrarily assumed 
to be 100 
rom the data of Table 1, values for Y and Y have been computed 


Ce 
\ (3) 


The resulting plots are shown in Figure 1. In these plots data from the first 30 
minutes of the experiments are omitted, since in the experiments a time lag of 
this order was required for the plasma levels of the test substance to be stabilized 
Further discussion concerning the interpretation of data obtained early in the time 
course of these experiments will be given below. The application of this method 
of analysis to the data is less satisfactory in the case of sodium than in that of 
thiocyanate. With sodium the steady-state concentration levels both for the anterior 
and for the posterior chamber are very nearly equal to the plasma concentration 
Consequently, as the experiment progresses, the differences (Cm-—-C,) and 
(Cy-—C,) both tend to become small, and the errors in their estimates percentually 
large. In spite of these difficulties, it will be seen that the data do fall reasonably 
well on straight lines for both substances The slope of these lines vives estimates 
of the coefficient of flow Ay and have the value of 0.014 from the sodium data 
and 0.017 from the thiocyanate data. The mean value of 0.0155 would represent 
hoth sets of data within the experimental range of uncertainty 

Che estimates compare well with the estimates reached by Kinsey and Palm * 
through the application of numerical integration to their data. This is no wonder, 
since the two methods are similar ways for finding values of Ay and Kg to fit 


equation (1) to the same experimental data. In the method of numerical integra 
tion arbitrary values of Ay and Aq are assumed for trial, and ~—- 1s then calculated 


by applying I-quation (1) to the experimental data. Using these estimates of the 
rate of change of the anterior chamber concentration for successive short. time 


intervals, one reconstructs stepwise the time course of the anterior chamber con 
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hig. 1.—Linear plot as a test of the validity of applying the Kinsey-Palm_ differential 
equation to ther experimental data. The intercepts on the Y axis give estimates of Ka; the 
lopes of the lines give estimates of A+ 


centration, Successive calculated curves are produced with successive test values 
of A, and Ag, and those test values are chosen which yield a calculated curve in 


best agreement with the experimental data 


dis 
In the procedure which we have outlined, >* is estimated directly from the 
smoothed curve which fits the experimental data. Using this estimate in Equation 
(2) enables the selection of the “best value” of Ay and Aq by graphical procedures 


equivalent to least-squares calculations 


It will be seen, then, that the experimental results of Kinsey and Palm do, 
in fact, fit with reasonable approximation to Equation (1), but what are the assump 
tions that are made in saying that I-quation (1) apples? The fact that Equation (1 ) 
fits does not prove that all other considerations are negligible. Now we. shall 
attempt to analyze the quantitative role of some of the aspects omitted from 
consideration in formulating Equation (1). The assumptions involved in applying 
Iquation (1) to the experimental data are (a) that the test substance is not 
metabolized within the eye; (>) that the posterior chamber provides a fair sample 
of fluid momentarily passing through the pupil; (¢) that exchange of test substance 
between anterior chamber and cornea is negligible; (d) that outflow from the 
anterior chamber 1s in bulk, 1. e., without ultrafiltration; (e) that the posterior 
chamber tap provides a sample of fluid uncontaminated by anterior chamber aqueous 
or by vitreous, and (f) that no significant fluid volume enters the anterior chamber 
except via the pupil, The first of these assumptions is obviously satisfied by the 
test substances which Kinsey and Palm used. Each of the remaining assumptions 
requires detailed analysis 
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2. StREAM-LiNew THE PosTERIOR (HAMBER 


li there were perfect continuous mixing of the posterior chamber fluid, then 
a sample of this fluid would constitute an exact sample of the fluid momentarily 
passing through the pupil. The slow flow of fluid through the posterior chamber 
however, precludes any appreciable mixing by turbulence Thermal convection 
within the posterior chamber must be negligibly small. The elaborate battles 
provided by the ciliary processes and by the zonule would seem to msure streamline 
flow. Under these circumstances the only appreciable mixing m= the posterior 


chamber must be by diffusion from one streamline to the next 


lf there is streamline flow through the posterior chamber, there should be a lag 
period between the presentation of a test substance in the blood and its appearances 
in the pupil, During this lag period the test substance should be demonstrable 1m 
the posterior chamber. In experiments with Linner, to be published elsewhere 
this has been found to be true. With fluorescein as the test substance, a lag period 
of OO-8O0 seconds was observed with respect to appearance in the pupil, while 
at 20-30 seconds after intravenous injection the dye could be recovered in_ the 
posterior chamber 


Phe mathematical analysis of the problem is ditheult, since the geometrical form 
of the posterior chamber is very complex. One can approach the analysis by 
considering the posterior chamber successively (1) as a sumple cylindrical tube, (2) 
as a right cylindrical annulus, (3) as an annulus the inflow surface of which ts 
a cone such that streamlines from inlet to outlet are of varying length, (4) as an 
annulus of this form the inflow surface of which is corrugated, ete, For the first 
two hypotheses a full mathematical solution can be obtained. For the more complex 
hypotheses we have been able to reach only approximations. On the simplified 
Models (1) and (2), it is found that during the first few moments a mixed sample 
from the posterior chamber must give a very bad estimate of what is simultaneously 
passing through the pupil, but that after a time interval equal to five times the 
lag period the concentration in a mixed sample from the posterior chamber should 
differ from that simultaneously passing through the pupil by no more than 4% 
Phe disparity becomes smaller the longer the experiment is continued 


lo proceed from these simplified models to the complex structure of the actual 
posterior chamber involves the introduction imto the model of variability in- the 
lengths of streamlines, and of the complex intermingling of long and short stream 
lines. Variability in length of streamlines and the intermingling of long and short 
streamlines is a characteristic of turbulence. It seems likely, therefore, that actual 
events in the rabbit’s posterior chamber will show less deviation from perfect 
mixing than is predicted on the basis of the simplified models, ‘That this conclusion 
is at least partially true may be seen as follows: 

Copeland and Kinsey ’ have estimated the volume of the posterior chamber im 
rabbits as approximately one-fifth that of the anterior chamber. From some exper 
ments to be reported elsewhere this would appear to be a slight underestimate 
the true value being about one-third that of the anterior chamber. At any rate 
the filling time for the posterior chamber, i. ¢., the time required for the inflow 
of a volume equal to that of the posterior chamber, would be about 10-15 minutes 
Now, on the basis of the simplified Models (1) and (2) given above, the lag 
period would be one-half or two-thirds the filling time. The actual lag period 
is only slightly more than one minute, indicating that some of the streamlines are 


short and swift, as in partial mixing 
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It would seem appropriate to conclude that the posterior chamber samples early 
in the experiment are not fully representative of the fluid contemporaneous! 
passing through the pupil. As the experiment progresses, errors from this source 
diminish. It was, in part, for this reason that in estimating Ay, in the preceding 
ection of this paper, data from Kinsey and Valm on experiments shorter than 
1) minutes were omitted.4 

It should be pointed out that when a sample of fluid is withdrawn from. the 
posterior chamber, the valleys between the ciliary processes are not obliterated 
Thus, the most recently secreted fluid lying, in part, in those valleys is not fully 
represented in the sample taken, and the sample probably represents the fluid 
contemporaneously passing through the pupl somewhat better than would a 


theoretically correctly mixed sample 


Comnea As A Reservork IN Excutance with THE ANTERIOR CHAMBER 
I.quation (1) does not take into account any possible exchange between anterior 
chamber and cornea, If we wish to take account of such possible exchange, the 


equation must be rewritten 


dt 


K e( Ca—C a) + + Kao (4 
in which Ag. represents the diffusion coefficient for exchanges between anterior 
chamber and cornea (expressed in terms of anterior chamber concentration change ) 
and C, the concentration of the test substance within the cornea 

Maurice * has reported experiments in which the concentration of isotopically 
labeled sodium in cornea, anterior chamber, and plasma was recorded following 
intravenous imyection and other modes of administration of this test substance 
Krom his data, Kae (C.-—Cy) can be estimated at appropriate time intervals 


lquation (4) may be rewritten for comparison with Equation (2) as follows 


(5) 


The right-hand side of Equation (5) is identical with the right-hand side of 
equation (2). If we call the left-hand side of Equation (5) ¥’, we may plot 
y’ vs. XN just as we have previously plotted )° vs. XY. As a matter of fact, Y’ will 


F. differ from } by a small correction, equal to ——Aq, 7 7. Since C, is, in general 
: larger than C,, but smaller than C,, this correction, in general, will be positive 
; Maurice estimates it to be roughly 10% to 15% of Y. The net result of applying 
, this correction is, therefore, to increase the estimate of A> and Aq each by 10% to 
15%. This would seem to be quite reasonable, since the volume of the cornea ts 
} about 25% of that of the anterior chamber and the 10% to 15% correction figure 
is equivalent to assuming that about one-half of the corneal exchange of test 
| ubstance ts with the anterior chamber, and that the cornea achieves a final con 
centration comparable to that in the anterior chamber. Evidence that this ts so 
with respect to sodium, may be derived from Maurice's data 
Without the experimental determination of the time course of corneal concentra 
7 tions of other test substanc es, the corresponding corrections cannot be computed 
3 Hlowever, unless the final concentration in the cornea is higher than that in the : 
anterior chamber, corrections larger than 10% to 15% are unlikely, 
: t In data to be published separately, it will be shown that under favorable conditions the 
linear relations expressed in Equation (2) are conformed to by data withdrawn as early as 


five minutes after the beginning of the experiment 
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upward correction into the value ot / 


Wwe Incorporate 10% to 15% 
ot OO17 to 


timated at O.O155, we obtain an estimate 


OuTFLOW 
\n assumption underlying the formulation of Iquation (1) that, 
t concerns the test substances to which this equation is apphed, outtlow is in bulk 
e., the concentration of the test substance in the efflux as— the ime as that 
sibnhity for 


momentarily present im the anterior chamber lhe alternative po 
might be by ultratiltration, the concentration in the 


onsideration is that outflow 
efflux being less than that in the chamber 
Ultrafiltration requires energy, and only 10-15 mm. Hy pressure ts available 


to provide energy. For an ion, such as sodium present in high concentration in 


the aqueous the available energy would not suffice to diminish the concentration 


in the efflux by as much as 1% lhe outtlow must 
for other test substances the experimental con 


therefore, be substantially in 


bulk so far as concerns sodium 


centrations used may be so low that this argument does not necessarily hold 


altered by assuming ultra 


It is of interest to see how quation (1) would he 
vould lve 


filtration to oceur Under such cireum tance the outflow concentration 


nC,, Where n is some fraction less than unity 
Ita 
dt 


It equation 1s divided by { ( 


( ( it ( 


versu 


li the hypothesis of ultrafiltration at the outflow ts correct, a plot of 


should fall on a straight line. We have already shown that for a1 the plot i 


substantially linear. Cur test, then, consi 
significantly from linearity. It as 
that » is 0.9 or |e yields recognizably 


ts im finding whether other values of n 


yield plots which deviate readily found that wath 
test substance the hypothe ~1 


thiocyanate as 
or this test substance is like 


nonlinear plots, Consequently, outflow t wise substantially 
n bulk 
RELIABILITY OF THE CHAMBESD 


Kinsey § has discussed in considerable detail the question ot the possible con 


tamination of the posterior chamber samples by anterior chamber fluid. The evidence 


seems very good that such contamimations are avoidable in a properly performed 
by vitreous fluid is le readily excluded 
the anterior hyaloid and zonulas 
ot 


posterior chamber tap. Contamination 
The insertion of the needle necessarily rupture 
boundaries. We have found that with sufficient patience appreciable volume 


can be obtained directly from. the needle 


vitreous cavity even with a tine 
lf, in attempting to obtain posterior chamber fluid, the tapping needle is twisted 


large samples of fluid may be withdrawn, sample everal time 


ind turned, very |: 
is large as any reasonable estimate of the total volume of the po terior chamber 


in the course of the contain concen 


Such large samples, if taken early 
trations of the test substance lower than those cone urrently found im either chamber 
taps. It as, therefore 


wr plasma and comparable to those obtained by direct vitreou 
Lhe chic 


the posterior chamber sample with vitreou 


possible to contaminate 
of the hazard and care to enter the posterio! 


safeguard against this 1s awarene 
chamber bv a direct puncture, rotating the needle on its axis if necessary. but not 
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shifting the axis during the whole procedure. At a later stage in our argument 
it will be possible to show that there is intrinsic evidence in the data of Kinsey 
and Palm making it unlikely that any significant vitreous contamination entered 
into their posterior chamber taps. 


6. Transrer Across THE Iris 
The aqueous is hypertonic with respect to plasma,’ and the blood-aqueous barrier 
of the anterior chamber is permeable to water.” It follows that some water must 
he transferred osmotically from plasma to anterior chamber. I-quation (1) takes 
no account of this diluting procedure. The question is whether this effect 1s, in fact, 


negligibly small. At first sight, the osmotic water movement might be expected 


to be appreciable, for the permeability of biological boundaries to water in general 
exceeds their permeability to solutes, and, with respect to some solutes, diffusional 
exchange contributes an appreciable fraction of the anterior chamber turnover 

Kinsey has found that the posterior chamber aqueous is hypertonic with respect 
to anterior chamber aqueous by not more than 1%. It follows that the aqueous 
in its passage through the anterior chamber is diluted osmotically by not more 
than 1% \ny such dilution would consist, in part, in the diffusion outward of 
solutes and, in part, in the inward osmotic transfer of water. The relative velocities 
of these two processes would be determined by the relative permeability of the 
harrier to water vs. solutes, and this can be estimated only very roughly from the 
available data. However, even if all the dilution were water import, the net rate 
of osmotic inflow would be no more than 1% of the flow from posterior chamber, 
for the aqueous is diluted by no more than this factor in its passage through the 
anterior chamber. This is not to say that if one labeled the water molecules in 
the anterior chamber, one might not find them exchanging with plasma water at 
i very rapid rate. Llowever, what we are concerned with here is not turnover rate 
but net transfer. The turnover rate of water is effected by the diffusional force 
of the total concentration of water, i. e., some 55 osmoles per liter. The net osmoti 
transfer is effected by osmotic excess of aqueous versus plasma, 1. e., some 0.006 
osmole per liter. The ratio of these forces is of the order of 10* 

Chis discussion can be put into more precise terms if we rewrite [equation (1) 
“0 as to include the osmotic dilution of anterior chamber aqueous 


dls 
dt 


K e(Cg—Ca) + Kal (8) 
in which Ay is the rate per minute at which the aqueous is being diluted. Since 
this rate can be no more than 1% of the rate of flow, and since the rate of flow, K¢, 
is approximately 0.017, it follows that a maximal estimate for Ay is roughly 0.0002 
Kinsey and associates,” using heavy water as test substance, found the turnover 
in the anterior chamber to be characterized by a rate coefficient of about 0.2 (halt- 
life of three minutes). This is perhaps an underestimate of the turnover rate of 
water, since mixing in the anterior chamber might become a serious bottleneck 
under these conditions. ‘The osmotic transfer is operated by a force 10™* times that 
operating the turnover Hence a minimal estimate for the osmotic transport rate 
is 2&10°°. The true value of Ay, therefore, lies between 2” 10° and 210". 
This small rate of dilution can be neglected with impunity in the analysis of 
aqueous humor dynamics. 

Up to the present we have considered water transfer from iris vessels to 
anterior chamber by osmotic forces. The conclusion that the rate of such osmotic 
transfer is negligibly small would not, at first sight, appear to exclude simple 
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hydrostatic ultrafiltration of fluid through the irts capillaries. “The available pressure 
head for such ultrafiltration is the capillary blood pressure minus the mtraocular 
pressure minus the protein osmotic pressure of the plasma. No exact estimate 
for this pressure head can be given, but it cannot be more than a tew millimeters 
of mercury and may, in fact, be negative. When we compare this with the osmotn 
pressure excess of 100 mm. Hg, which we have already shown to be imettective 
across this same boundary, we must conclude that under normal conditions the 
contribution of ultrafiltration from the iris capillaries is also negligible. Wath 
inflammation and other reactive changes in the iris vessels this would, of course, 
no longer be true 
PART 1 
1. Postertor CHAMBER DYNAM 

In preceding sections it has been shown that the differential Iequation (1) 
used by Kinsey and Palm for the analysis of their results is valid within rather 
wide limits and that the coefficients of flow and diffusion which they have calculated 
are reliable within the limits of accuracy of the experiment. [t would be of great 
advantage if Equation (1) could be manipulated in such a way as to eliminate Cm 
(the posterior chamber concentration) so as to reveal what information, i any 
can be obtained from knowledge of anterior chamber and plasma concentrations 
alone. All of the older experiments present only data of this latter type, and, 1 
we wish to compare these older data of this latter type, and if we wish to compare 
these older data with those including posterior chamber taps, a mathematical trame 
work is required for such comparison 

Che argument that follows is necessarily a complex one, and it may assist the 
reader to outline in advance the course it will take and why. What we want ts 
an equation expressing the course of the concentration in the anterior chamber (C4) 
as a function of time (ft). Equation (1) tells us expheitly only about the rate 
of change of concentration in the anterior chamber. [t is the differential equation 
whose integral we seck 

Ikquation (1) contains Cw as an independent variable, and before we can 
integrate [equation (1), we must obtain an expression for Cm as a funetion of time 
lo do this, we start by writing a differential [equation (9) for the posterior 
chamber which expresses our best intuitions as to how the test substance pets mito 
and out of the posterior chamber. Since there must be diffusional exchange 
between posterior chamber and lens and vitreous, the concentrations im these 
structures enter as independent variables into I-quation (9). For the sake of 
simplicity, we have lumped together vitreous and lens as if they constituted a single 
reservoir and have designated the concentration in that reservoir as C, 

Just as Equation (1) cannot be solved without an explicit equation for Cm, 
so Equation (9) also cannot be solved without an explicit expression for C,. Again, 
calling on our physiological intuition, we write a differential equation for the 
reservoir.” l:vidently, the reservoir must be in diffusional exchange only with 
plasma and posterior chamber. Equation (10), therefore, introduces no new inde 
pendent variable. We have reached the end of writing new equations and can 
apply to the set (1), (9), and (10) standard mathematical procedures leading to 
the solution we desire. We obtain, in fact, explicit equations for C,, Ca, and ¢ 
each as a function of time. Each of these equations can, in turn, be compared 
with the experimental data. These equations are multiple exponential equations, 
and conventional graphical procedures are available to test their fit with the experi 
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mental data. In reaching these equations, it is convenient to introduce some ney 
constants. It is, however, possible to define these new constants in terms of the 
liffusion and flow coefficients that are themselves defined in Equations (1), (9 


wid (10) plus the boundary conditions of the integration, which in this case are 


the initial and final (steady-state) concentrations in anterior chamber posterior 


hamber, and reservoir 


\ll of this is done with the a sumption that the plasma concentration remain 


onstant during the experiment. Various other mnplitying assumptions wall be 


noted as the argument is developed. With this outline of the prospective argument 


no mind, we return to that argument in detail 


As noted above, Equation (1) contains Cr as an independent variable I 


wder to eliminate this variable, we start with an approximate differential equation : 
or the posterior chaniber 


Kinsey and Palm have suggested two forms for the posterior chamber dittes 
ential equation, depending on whether the test ubstance enters by sec retion (1. ¢ 


at a fixed concentration relative to plasma) or by diffusion (1. e., at a rate pro 


portional to the concentration difference between plasma and posterior chamber ) 


hor the purpose of the present discussion these two equations will be fused into one 


In this equation, A y, represents the rate of flow per minute as a fraction of 
posterior chamber volume ; Ag, the diffusion coefficient between plasma and 


posterior chamber, and A 


‘the ditfusion coefficient between the posterior chamber 


n 


and the adjacent reservoir (vitreous and lens). If Ag is zero, this equation 


becomes essentially identical with the Kinsey-Palm secretion equation; if Cy is 


zero, it becomes identical with their diffusion equation. C, is the concentration 


in the environmental reservoir. Cy may be defined as the concentration “secreted,” 


or, more precisely, it is the concentration which would be reached in the posterior 


chamber at steady state if there were no diffusional gains or losses, i. e¢., if Aa. 


ind Ka were zero 

Kinsey and Palm were fully aware of the simplifying assumptions involved 
in the formulation of their equations. The environmental reservoir, with which 
the posterior chamber is presumed to be in diffusional exchange, is, for purposes 
of simplification, assumed to be a single, well-mixed chamber characterized by a 
single-lumped diffusion coefficient. ‘The posterior chamber itself is also assumed 
to be well mixed. The justification for the use of these simplifying assumptions 
by Kinsey and Palm and by us is that they make the mathematics manageabl 
and that, as will be apparent later, they fit the experimental data with reasonabl 
approximation 

In Equation (9), C,, the concentration in the environmental reservoir, is an 
independent variable. Without any additional assumptions except that the reservoir 
is in diffusional exchange with both posterior chamber and plasma, one obtains 


a differential equation for the reservoir 


its 


Ke’ (Cg—C + Ke" (10 


where A,’ and A,” are, respectively, the diffusion constants for exchanges between 


reservoir and posterior chamber and between reservoir and plasma, expressed in 


terms ot reservoir concentrations 


| 
4 
; 
| 
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In order to eliminate C, and <— from | quations 4) and (10), a third equation 
required us is obtained by differentiating I-quation (9) 
uniny ¢ 


with respect to time, 
constant 


l-liminating ( 


Ke. 


from Icquations and (11 indd writing 


and for (K, 


obtain 


[his equation is integrable and yields as its solution the double exponential 


Ce ‘ (l—M), | 
where ( steady-state concentration in the 


r 


(Ke A,) 


po terior chamber 


} (K _'K,’' 


V7 is a constant whose value can be determined by differentiating | quation | 


vith respect to ¢ and determining the rate of change of Cm at t-<O 


Ce (MI +(1—M)K,] 


rom (9) we 


V/ 


The steady-state value Cr. can also be defined in terms of Equation (9 


the steady state the rate of change is zero, and we have 


Moreover, the steady-state value of the reservoir can be obtained in a 


was 
from Icquation (10) 


Ky Ce 


( (19 

Thus, all the constants in equation (13) are defined in terms of the constants in 

Ikquations (9) and (10) It possible to evaluate 


steady-state 


Moreover, equation (18) makes 
. In terms of the diffusion and flow constants and the 
hye 


comcentration 
two exponents A, and Ay of the double exponential lkquation (13) are 
defined by rather complicated Equations (14), which obscures their physical 
meaning. However, from Equation (14) it can be seen that if Aq ‘ and / 


(both 


of which define the ditfusional exchange between posterior chamber and reservoir ) 
are sufficiently small, then A, 


turnover rate of the test substance in the posterior chamber 
over rate im the 


IS approximately the 


while As is the turn 
posterior reservoir, In order to define the latter more exactly 


during the course of the 


proportion to Cy. It 


experiment, mi tbly in simple 
an ex pli it equation tor the 


ma till be integrable, but 
omplexities without adding much t 


variation of C» with time is available, the 
thi sill add greatly to the 
» the information. bor 
intravenous myection, the plasma time course « 
tial equation. However, the 
ourse in the anterior 


differ 


lifferential equation mathematical 
most substance folle 
an be described by a 

exponential analysi f the 
ind posterior chambers 


sing a single 


ingle or multiple exponen 
graphical associated concentratiot 
will not reveal these additional exponents unles 
significantly in magnitude from those characteristic ¢ 


1 experiment with constant 
lasma concentratior 


a> 
+Aq +A,4_'), .”), wc 
14 
(1 
Combining Iequations (15) and (16) we obtain 
At 
| 
é 


ARCHIVES OF OPHTHALMOLOG}) 


an equation for C, in terms of t. This can be done 


it will be convenient to obtain 
by substituting Equation (13) and its first derivative with respect to time into 


Ikquation (9) and solving for C, 


VW here 


In general, NV turns out to be a small negative number, and A, contributes a 
mall initial lag in the concentration time course of the reservoir. Thus, Ay repre 
sents the filling rate of the reservoir after a small initial lag. Kinsey and Palm 
reached a similar conclusion in their less detailed analysis of the posterior chamber 
dynamics 
"Dr. Krik Palm points ou at the exponents A, and A, oceupy similar positions 


explieit equation tor a they d the equation tor 


i 


2 
HOURS HOURS 
4 Figure 3 


Figure 2 


big. 2.—Graphical exponential analysis of Kinsey and 
in the posterior chamber. The open circles represent a plot of log (Ce l—Cw) us. time 


value of 0.92 is chosen for Cq., since this was the experimentally determined value at 


hours after injection of the test dose. Using this figure omits consideration of an 
very slow component, which is visible only in experiments lasting several days. A_ straight 
line is fitted to the tail of the open-cirele data. The values indicated by this straight line 
the early portions of the experiment are subtracted from the open-circle data, yielding 
solid-circle data Ihe latter are satistactorily fitted by another straight line, 
the experimental data conform approximately to 
of the two lines are measures of the two exponents A 

Fig. 3.--Graphical exponential analysis of Kinsey and Palm’s data for 


posterior chamber. The treatment is the same as in Figure 2 


and A, of such an exponential equation 
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Palm's data tor radioactive sodium 


additional, 


the 
indicating that 
a double exponential equation. The slopes 


thiocyanate in the 
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AQUEOUS HUMOR DYNAMICS 


These equations do not invite too precise an interpretation, since im actual 
practice the reservoir-filling coefficient, Ay, is a lumped coefficient representative 
ol several chambers (vitreous and lens) and the experimental estimate of Ay will 
be somewhat influenced by the segment of the semilog plot used for this estimation 
Similarly, the experimental estimate of the turnover rate in the posterior chamber, 
Ay, 1s blurred by the fact that no allowances have been made for the initial rapid 
rise of the plasma concentration. Nevertheless, our present purpose is precisely 
to determine whether or not these simplified equations do give an approximate 


description of the experimental events in the posterior chamber 


\s the first step toward testing the empirical validity of Iquation (13), we 
can inquire whether the posterior chamber data of Kinsey and Palm conform to 
this equation, Using the conventional method of graphical analysis, we have 
plotted log (Ca. -—-Cm) vs. t. The results are shown in higures 2 and 3. Sub 
stantially good fits are obtained, ‘The following values of the coefficients ot 
lquation (13) for the two test substances studied may be tabulated 

It would appear that the values of Ay are reasonably well established by this 
analysis. The estimates of A, are less certain, since no allowance has been made 
in these caleulations for the fact that the plasma concentrations are rapidly rising 


during the first 10-20 minutes of the experiment. In spite of this unresolved 


Values of Coefficients of Equation (13 


tor Sodium and Thiocyanate 


Na 


Phiocyanate 


aspect ol the problem, there is no question that the double ¢ <ponential equation 


as tormulated (Iequation 13) furnishes a very good empirical deseription of the 


course of concentration change in the posterior chamber 


In order to study this matter further, it has seemed desirable to obtain data 


concerning the concentration of at least one test substance in the vitreous. In 
series of rabbits, lOOue of radioactive Na®*” a 


a 
chloride im isotomic saline solution 
were injected intraperitoneally. Vlasma, posterior chamber, anterior chamber, and 
vitreous samples were removed at chosen. times lhe samples were weighed, 
placed in small metal >pillboxes previously moistened with a solution of detergent, 
made up to | ce. with distilled water, evaporated to dryness, and their activity 
counted, using a thin window counter. No correction for internal adsorption 
within the sample was found necessary. The anterior. posterior, and plasma sample 
showed a time coufse in relation to the experiment in essential 


the findings reported by Kinsey and Palm 


agreement with 


The vitreous samples were obtained with a #18 gauge needle inserted through 
the selera at the equator and directed so that the point of the needle could easily 


be observed lying behind the posterior pole of the lens. Aspiration supplemented 


by moderate pressure on the sclera enabled the obtaining ol taps 0.5 to 1.0 cc. m 


volume. From these large samples duplicate aliquots were used for counting. In 
view of the large volume, sufficiently high counts were obtained even on samples 
drawn as soon as 20 minutes after the intraperitoneal injection of the test solution 
The radioactivity per gram of vitreous fluid was recorded as per cent of the 


simultaneously determined activity per gram of water in the plasma (95.4% of 


° 
Test Substance Vi 
|| om O44 
0.57 6.0067 
| 
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plasma weight) lhe data are shown ‘igure 4, using 103% of plasma as a1 


timate of the steady-state value C,. ‘ach point on the curve represents the 

four or more eyes. In all, samples were obtained from 33 eyes. ‘lhe 
eries was terminated with only this relatively small number of observations 
because the agreement between paired observations was so good and the data 


plotted onto such a smooth curve that further experiments seemed unnecessary 


lhe time course of the concentrations found in the vitreous is well deseribed 


by a single exponential with a small initial lag, as was to be expected from 


Kyquations (20) and (21). The exponent which characterizes the rate of filling 


of the vitreous is a good deal smaller (Ky-0.0015) than that which describes the 


tail of the posterior chamber curve (A o0.0044). It should be remembered, how 


i 
15 16 
HOURS 


big. 4—Graplhical exponential analysis of our data tor radioactive the vitreous 


following a simple intraperitoneal injection of 100) m« Na‘**4 as Nal » data contorn 


to a single exponential equation after a small initial |; 


ever, that Ay is the lumped exponent describing in one average figure the filling 
of the several compartments of the posterior reservoir, Ay, on the other hand, 
describes a single one of these compartments Moreover, Ay» is determined experi 
mentally mainly by the earlier part of the experiment and consequently represents, 
sO tO speak, the turnover rate of that part ol the posterior reservoir that 1s closest 


to the posterior chamber 
2. Antertor CHAMBER DYNAMICS 


Phe foregoing analysis has made it clear that the double exponential I-quation 


(13) gives a fairly satisfactory representation of the course of concentration change 
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AQUEOUS HUMOR DYNAMI( 


in the posterior chamber. Ii we insert the value 
into Equation (1), we have 


K (1—M ) 4+ KaC, 


it 
(on integration, assuming to be constant, we obtain 
where (Ky, Vout In the earlier notation of Kinsey and others ) 
(24) 
The applicability of this equation to anterior chamber data may be tested by 
the usual graphical analysis. We wish to know the following: 1. Do the data 
conform to a triple exponential? 2. Do we obtain estimates of A» which agree 
with those obtained from the analysis of posterior chamber data? 3. Do we obtain 
an estimate of K, in agreement with our estimates of A>¢+-Aq obtained from applica 
tion of Iquation (1) to both anterior and posterior chamber data taken together ? 
We shall not expect exact agreement between the estimates of K, from anterior and 
posterior chamber data separately, since, owing to streamline flow in the posterior 
chamber, the concentrations found in the posterior chamber in the early parts of 
the experiment do not represent properly the concentrations in fluid simultaneously 
passing through the pupil 


lable 3 gives the comparisons of the relevant data 
Paste 3.—Summary of Constants for Sodium and Thiocyanate 


(1) (2) (4) 
Anterior 
Posterior Anterior Chamber hinsey 
(Chamber Chamber Corrected Y wa 
Pilot, 
Na 0.09 0.0044 0.0033 0.031 ) 0.030 0.0% 
SUN O.115 0.0057 0.0054 0.0°6 0.0P7 0.0% 


Test 
Substance Ai Ka Aa Ko 


« 
Palm 
ho 


The graphical analysis of the anterior chamber data has been performed in 
two ways. In the first place, the anterior chamber data have been treated inde 
pendent of similar graphical exponential analysis of the posterior chamber data 
[he results provide estimates of Ay and A, given in Columns (2) of Table 3. It 
will be seen that the estimates of Ay from the anterior chamber are in fair agree 
ment with those from the posterior chamber, Column (1). Actually, the posterior 
chamber estimate of Ay should be much more reliable, since the tail of the semilog 
plot of the posterior chamber data tends to be linear over a much longer portion 
of the experimental time interval (Figs. 2 and 3). Consequently, we have redrawn 
the graphical analysis of the anterior chamber data using the posterior chamber 
estimate of Ky for the tail (Figs. 5 and 6). This gives the estimates of K, and K, 
shown in Columns (3) of Table 3. 

The agreement of the estimates in Table 3 is remarkably good and makes it 
clear that approximate estimates of K, can be obtained by the exponential analysis 
of anterior chamber data through the application of Equation (23).# Previous 

# The good agreement between the estimate of Ke, from a consideration of the anterior 
chamber and plasma data alone, with the estimates of Kr4+-Ka, derived from application of 
Equation (1) to data, including those derived from the posterior chamber, enables us to give 
an answer to the question raised in Section V of Part I, above. In that section the possibility 
of contamination of the posterior sample with vitreous was noted. If there were a gross 
contamination of this sort, the inclusion of such data should lead to serious errors in the 
estimates. The good agreement of the estimates makes such contamination unlikely 


#13 


Po of Cr given by Equation (13) 
| : 
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workers in this field have indeed attempted to estimate A, from anterior chamber 
data, but, because they were unaware of the large influence of the reservoir factor 
(As), serious underestimation of K, has resulted 

\s an illustration of the effect of omitting consideration of the reservoir factor, 
the thoughtful and extensive studies of Davson* may be mentioned. Davson 
reports on experiments in which the plasma levels of a variety of test substances 
were kept constant for periods of two to three hours following the initial injections 


since the experiments were terminated after this relatively short period, true 


steady-state values for —* could not be obtained directly. Davson applied graphical 


exponential analysis to the truncated data and estimated the steady-state concen 


tration by finding out what value assigned to C, would render the tail of his 


0057 


™ 


HOURS HOURS 
Figure § higure 6 


big. 5.—Graphical exponential analysis of Kinsey and Palm's data for radioactive sodium 
in the anterior chamber, showing that these data conform to a triple exponential equation 


big. 6.—Graphical exponential analysis of Kinsey and Palm's data for thiocyanate in the 
anterior chamber, showing that these data conform to a triple exponential equation 


exponential plot a straight line. Ile took the slope of this straight line as a basis 
for estimating Ay. If we apply this method of analysis to Kinsey's data, we obtain 
for Na* and thiocyanate, respectively, 0.015 and 0.017 as estimates of K,, estimates 
which are 35%-50% too low. 
As a matter of fact, in Kinsey and Grant's original attack on aqueous humor 
dynamics, not only the reservoir factor but also the initial lag period (illustrated in 
Figures 5 and 6 by the upward convexity of the curve in the initial 10-20 minutes ) 
was largely disregarded. In this early study a complicated graphical method was 


* References 10 and 11 
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to estimate A,, mm view of large statistical variations in the data. It is not 
asy to apply this method to Kinsey and Palm's present data, but that early 
method amounted in essence to an estimate of the A, on the assumption that a 
sunple exponential equation was applicable to the data, On examining Figures 5 
and 6, it is seen that the anterior chamber has reached half its steady-state value 
in 57 and 52 minutes, respectively. If a sunple exponential equation were supposed 
to hold, this would lead to estimates of K,—O.012 and 0.013 for Nat and SCN 


respectively 


Kinsey and Grant, in their earlier study,” assumed that Ay must be the same 


Nf 
] 


for all substrates and that for the substrate showing the smallest value of A,, Aa 


the diffusional exchange between plasma and aqueous, was negligibly small. Thus 
they reached an estimate of 0.010 to 0.012 for K, Vhough this earlier estimate 1 
now shown to be too small, the achievement of this first approximation represented 
an inportant torward step at the time \ a matter of tact, the weight of the 
argument in Kinsey and Grant's early publication was not on the validity 

first approximate estimate of A>, but on the demonstration that an actual through 
and-through flow of aqueous occurs, i. e., the demonstration that Ay has some valu 


greater than zero 
UUMMARY AND CONCLI 


An analysis of the recent study by Kinsey and Palm‘ shows that there are 
wide limits within which the differential equations which they have used in the 


analysis of their data may be considered approximately valid 


\ccepting these differential equations as approximately valid, it is possible to 
construct a more general mathematical theory of aqueous humor dynamics than 
has heretofore been available. The application of this theory makes possible the 


resolution of a number of apparent contradictions in the literature on aqueou 
humor dynamics 


Washington University Medical School (Dy Becker ) 
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in the of Glaucoma 


EDWARD TAMLER, M_D. 
and 
A. EDWARD MAUMENEE, M.D., San Francisco 


The purpose of this paper is to review 
briefly the indications for lens extraction in 
glaucoma and to suggest another possible 
indication. It has been suggested that lens 
extraction is indicated in the following types 
of glaucoma 


1. Glaucoma due to swelling or intumescence 


of the 


lens 


2. Glaucoma secondary to lens-induced uveitis 


3. Glaucoma due to subluxation or dislocation 


of the lens 


4. Glaucoma associated with exfoliation of the 


lens capsule 


5. Malignant glaucoma 


In a review of cases of lens extraction 
for glaucoma on the Stanford University 
Hospital ye Clinic service and in the pri- 
vate practice of one of us (A. I. M.), an- 
other indication is suggested. This indication 
includes cases of chronic iris-block glaucoma 
in an acute attack lasting 36 hours or more, 
with a very shallow anterior chamber and 
failure to respond to intensive miotic ther- 
apy. This 
more detail after a brief review of the indi 


indication will be discussed in 


cations listed above. 


GLAUCOMA DUE TO SWELLING OR 


INTUMESCENCE OF LENS 


Glaucoma due to lens swelling occurs in 
eyes predisposed to acute attack by virtue 
of a narrow angle. Sternberg and Meyer’! 

Submitted for publication Aug. 22, 1955 

From the Division of Ophthalmology, Depart- 
ment of Surgery, Stanford University School of 
Medicine. 
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found by gonioscopic examination that the 
the 
lenticular swelling was of the narrow type 


angle of the eye opposite one with 

earlier writers recommended iridectomy, 
followed subsequently by cataract extraction 
the attack 


was of long duration and peripheral anterior 


as the treatment of choice.* If 
synechiae were suspected, then iridencleisis 
was the first operation of choice, again fol 
lowed at a later date by lens extraction 
Guyton * favored combined cataract extrac- 
tion in acute congestive glaucoma where the 
lens appeared greatly swollen. 

We agree with what appears to be the 
prevailing that 
cataract extraction as the initial procedure 


opinion today, namely, 
is the treatment of choice in glaucoma due 
Since this 
operation is usually curative, there is no 


apparent 


to intumescence of the lens.° 


reason why two separate pro- 
cedures need be done. If peripheral anterior 
shiae are suspected, an “internal cyclodi- 
the 


(one 


alysis” can be done at same time as 


the 


injection (and release) of air at the same 


lens extraction. can also utilize 


sitting in an attempt to break the synechiae 
GLAUCOMA SECONDARY TO 


LENS-INDUCED 
UVEITIS 


It is well known that free adult lens 
material released into the anterior chamber 
may give rise to iridocyclitis. This is seen 
clinically quite frequently in patients with 
retained lens cortex following rupture of 
the extraction 


and following traumatic or spontaneous rup- 


capsule during cataract 
ture of the capsule of a cataractous lens.t 
It also occurs in patients with hypermature 
cataracts.§ 


In the last group it is thought 


* References 1 to 3. 

+ References 6 and 7. 
t References 8 and 9. 
§ References 9 to 14 
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LENS EXTRACTION 


IN 


GLAUCOMA 


that lens material 


intact lens capsule,|| 


may filter through the 
as suggested by cases 
of spontaneous resorption of a cataract, or 
it may enter the aqueous through micro- 
scopic dehiscences of the capsule.’*? Capsular 
dehiscences 


with senile 


situated ** 


cataracts 
and not 


may be 
posteriorly clinically 
visible. 

material, 


The mechanism whereby lens 


once released into the anterior chamber, 
sets up an iridocyclitis is not, as yet, clearly 
defined. It has been postulated that it may 
be due to an inherent or acquired hyper- 
sensitivity of the patient to lens protein. 
Clinically, one is sometimes struck by the 
severe reaction following extracapsular cat- 
aract extraction in the second eye of a 
patient who had previously had an extra- 
capsular extraction in the first eye. It has 
been recommended that patients who are 
shown to be sensitive to lens protein by 
skin test be desensitized either pre- or post- 
operatively.# Animal 


hyperreactors to their own lens material 


can be made into 
by systemic injection of lens material with 
adjuvant,’’ or even by other, nonspecific, 
systemic injections.’* Though a histological 
picture has been described for such a hyper- 
sensitivity reaction,’’ no sharp line can be 
drawn between the histology of the hyper- 
ergic reaction and the nonhyperergic reac- 
tion to lens protein.’® More histological 
studies are needed in this respect. 

Others have theorized that the iridocyclitis 
is a toxic reaction to autolyzed or decayed 
lens substance,* especially in cases of hyper- 
mature cataract. This might explain why a 
child’s lens cortex material mixed with 
aqueous is better tolerated than an adult's. 

Within this group of cases of glaucoma 
due to lens-induced uveitis, it is the condi- 
tion of a hypermature lens with iridocyclitis 
that is most likely to be associated with sec- 


ondary glaucoma. With increasing longevity, 
References 7 and 10 
© References 6, 13, 15, 
cited by Law.’ 
# References 6, 15, 
by Law.’ 


* References 7, 8, 10 


Cooper and others,'® 


Cooper and others,'® cited 


and 13 


this entity becomes commoner, and, in recent 
years, more and more cases have been rec 
ognized and reported.¢ It occurs chiefly in 
two groups of elderly patients.*' In the one 
group the patient has a clear lens and good 
vision in the other eye and therefore post- 
pones extraction of the hypermature cataract. 
In the other group the patient has had a 
successful cataract extraction in the other 
eye and never gets around to having the 
hypermature lens removed. It has been 
shown that macrophages fill the angle and 
obstruct the meshwork these 
that this 


\nother 


trabecular 


cases.t It is believed 


blockage 


causes the glaucoma. theory to 


account for the glaucoma stipulates that 


mechanical trauma to the ciliary body and 


iris root by movement of the loose nucleus 
within the capsule produces a reflex vascular 
\ccepted 
treatment consists of extraction of the hyper- 


disturbance throughout the eye.* 


mature cataract. It is worth repeating that 
these patients may show poor light projec 
tion, probably because of the edematous 
cornea, hazy aqueous, and milky lens acting, 
as Verhoeff explains, as a diffusing screen. 
This was one reason why, in the past, the 
diagnosis of absolute glaucoma was made 
and many of these eyes removed as blind, 
painful eyes 

Glaucoma has been reported to occur se 
ondarily, too, in cases of traumatic and 
spontaneous rupture of the lens capsule.§ 
Many of the cases of spontaneous rupture 
had hypermature cataracts and therefore 
fell into the category described in the last 
paragraph. In the others the mechanism for 
production of the glaucoma is not definitely 
known, One theory accounts for the glau- 
coma on the basis of an increase in osmotic 
and oncotic pressure in the anterior cham- 
ber.** Another theory postulates overproduc 
result of chemical 


tion of aqueous as a 


irritation of the ciliary by lens 
Still 


material 


proc esses 


substance.'* another theory has the 


swollen lens blocking the 


+ References & to 14; 20 
t References 10, 13, and 21 
14, 20, and 22 


angle 


References &, 9 
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mechanically Treatment consists of re 
moval of the lens material, supplemented by 
the administration of corticosteroids. © 
The term “phacogenetic uveitis” is often 
used to describe the reaction of the eye to 
lens Verhoeff # points out the 


etymological incongruity of employing this 


material 
term, since it literally means that the inflam 
mation gives rise to the lens. “lens-induced”’ 
is a better prefix to employ. Another more 
suitable term, “phacolytic” uveitis, has been 
supvested 
GLAUCOMA 


SUBLUXATION OR 


COMPLETE DISLOCATION OF THI LENS 


Many mechanisms have been suggested 
for the occurrence of glaucoma secondary to 
partial or complete dislocation of the lens 
Heath 


The lens coming in contact with the ciliary 


mentions a number of possibilities : 


processes mechanically produces an irritative 
vasomotor reaction there, with edema and 
perhaps increased permeability, in 
the 


pushed forward, the angle of the anterior 


creased aqueous formation. If lens is 
chamber may be partly blocked by the root 
of the iris against the cornea. If the lens is 
the 
block the pupillary space. Finally, the dis- 


lon ated 


luxated into anterior chamber, it may 


lens may set off a uveitis, which 
then leads to secondary glaucoma. Chandler 
and Johnson ® mention the possibility of a 
pupillary block by vitreous pushed into the 
pupillary space by the posterior dislocation 
of the Barkan 


anterior displacement of the lens, producing 


lens dese ribes a case ot 
increased physical contact between the Iris 
and the lens. This resulted in an increased 
functional seclusion of the pupil. With ob 
fluid the 


iris with 


struction of passage of through 


pupil there followed an hombeé 
blockage of the filtration angle by the root 


of the iris 


Where the glaucoma is due to a pupillary 


block, as cited in the last two reterences, 
References 20 and 23 
" References 8, 9, 14, 20, and 24 


# Verhoeff | H 


Irvine 


m discussion on Irvine and 
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the establishment of a communication be- 
tween the anterior and the posterior chamber 
would be curative. However, generally in 
cases of glaucoma secondary to lens dis- 
location, lens extraction is the accepted 
procedure of choice.* 

GLAUCOMA ASSOCIATED 


WITH EXFOLIATION 


OF THE LENS CAPSULE 


There still exists considerable controversy 
regarding the causal relationship of exfolia 
tion of the lens capsule and glaucoma. Since 
Vogt’s classical papers,+ dese ribing in clear 
detail the picture of capsular exfoliation and 
suggesting it as a direct cause of glaucoma, 
there have been many reports of cases mani 
lesting both conditions. A causal relationship 
was strongly suggested by the high incidence 
of glaucoma reported in patients with ex 
foliation. Tabulation of the reports on com- 


lined incidence and a summary of the 


literature up to 1940 are contained in re 
views by Irvine, 
Duke-Elder, 
with exfoliation who have glaucoma 
irom 4% to 9%, 
Most. of 


Gradle and Sugar,** and 


The percentage of patients 
ranges 
with an average of about 
50% statistics from 


these come 


eve clini populations with symptoms and 
are therefore somewhat 


weighted toward 


the higher percentages. Symptomless cases 
of exfoliation would probably show a lower 


percentage of concomitant glaucoma. A] 
though often occurring unilaterally,®? ex 
loliation is considered to be a senile « ondition 
and rarely occurs below the age of 50. The 


incidence of exfoliation in persons over 50 


years of age has been variously reported 
to be from 2% to 18%. Such figures depend 


heavily on the degree of thoroughness of 


the examination There is also a wide 


variation in the figures reported for the 
incidence of exfoliation in patients with 


chronic simple glaucoma. the figures rang 


ing from 6% to 93% \gain, thorough 
ness ol examination jis 


an important factor 


* References 23, 27, and 28 


> References 29 and 40 
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LENS EXTRACTION IN GLAUCOMA 


More 
yects 7 


the sub 


limits mentioned 


recent statistics on same 
also fall within the 


above 
The 
glaucoma in patients with exfoliation has 


that 
be a causal relationship between the 


relatively high average incidence of 


led many clinicians to conclude there 
must 
two. Irvine *' believes the relation between 
the two conditions to be significant but does 
not go so far as to say that the glaucoma 
is directly caused by the exfoliation, Gradle § 
thought that capsular exfoliations are the 
cause of glaucoma in a certain percentage 
of cases, depending entirely on the size of 
the exfoliated material and on how much of 
the iridocorneal angle was thereby blocked 
Both 


report the finding of exfoliated material in 


arkan and Gradle and Sugar 


the filtration angle. Gradle and Sugar believe 
that 


by aqueous 


the capsular exfoliations are carried 


flow to the chamber angle, 
\\ hen more 


than 65 degrees of the angle circumference 


where they cover the trabeculae 


is covered, a pathological rise in intraocular 
pressure results. Terry || thought that in an 
eye in which glaucoma was prone to develop, 
foreign material in 


could be the 


only small amount of 
the 


exciting factor 


angle final 


Heath 


centage of glaucoma occurring inpatients 


with capsular desquamation is high enough 


iridocorneal 
states that the per 


to be significant. He believes that desquama 
tion may produce glaucoma by toxic, irrita 
but that 
the 
flaking 


tive and mechanical methods 


mereased hyalinization and sclerosis of 
with 
that 


with glaucoma in both eyes and desquama 


trabeculae may be associated 


of the capsule. He mentions patients 


show consistently higher 


the 


tion in one eve 


tension levels on exfoliating side. On 


the other hand, Trantas reports a case 
in which there was glaucoma and no exfolia 
tion im one eye and exfoliation without glau 


Duke-llder 


it is probable that a clogging of the filtration 


coma in the other eve feels 


angle with capsular debris acts as a 


pre 


t References 
$ Gradle, H iscusion on Irvine 


Terry, discussion on Irvine 


disposing cause in determining the develop 
which might 


the 


efficiency of the 
Theobald ** de 


scribes three cases with a clinical diagnosis 


glaucoma, 
latent 
drainage angle unimpaired 


ment of 


clinically were 


of glaucoma associated with an exfoliating 
lens capsule. Histologically, there was no 


true exfoliation of the lens capsule, but, 
rather, precipitates or accretions of an un 
known substance on anterior 
She calls this 
exfoliation of the lens capsule” and believes 
that fall 


into Microscopically, debris 


seyiment struc 


tures condition “pseudo 


most senile extohlation 
this 
filled the 


the canal of 


cases” 
cateyory 
and 


intratrabecular even 


this 


spaces 
Schlemm. l’resumably, 
blocked escape of aqueous, thereby producing 
a condition directly 


lavoring an increase mn 


intraocular pressure 


incidence of 


did 
prove that the latter caused the former but 
that the 


the 


exfoliation 


Kirby beheved that 


glaucoma in cases. of not 


merely showed two were coinei 


dentally associated in a larger degenerative 
tedell # found one case 


26 consecutive cases of 


only of 


proce ss 


vlaucoma in cap 


sular exfoliation, but the period of observa 


tion is not given Ross reports a case ot 


acute congestive glaucoma with exfoliation 
of lens capsule in a patient with a narrow 
angle. concludes that the congestive 
glaucoma was probably imdependent of the 


Weekers 


ot capsular glaucoma and pomnted 


exfohation and associates * studied 


14 CASCS 
out the features and 


sunilarity im = clinical 


glaucoma. They 
and the 
They 


due te 


course to chron 


found the angle changes inconstant 


appearance of veins normal 
the 


obstruction of the angle, 


aqueou 


beheve elevated tension 4 not 
since the elevation 


Wilson 


cludes that capsular exfoliation 1 


niay precede obstruction con 


not the 
essential cause of glaucoma capsulare be 
without increased 


cause it Is Often present 


intraocular pressure and because the clinical 


Kirby, D. B., 
# Bedell, A. J 
References 40 and 41 


in discussion on Irvine 


in discussion on Irvine 


—s 
— _ 


association of the two conditions 1s so 
inconsistent, 

It is apparent that the statistics on the 
combined incidence of exfoliation and glau- 
coma can be used to bolster or attack the 
theory of a causal relationship. From the 
information available at the present time, 
it seems we may only conclude that, although 
both conditions are probably a part of a 
generalized senile ocular degenerative proc- 
ess, the continued deposition of capsular 
debris in the angle and in the trabecular 
spaces may contribute to the elevation of 
tension in an eye disposed to open-angle 
glaucoma. 

It follows, then, that lens extraction is 
not indicated in glaucoma capsulare unless 
the lens is cataractous. Irvine *' feels that 
the possibility of weak zonules, fluid vitreous, 
and friable capsule in these cases makes for 
poorer operative prognosis with lens extrac- 
tion. Kirby ¢ denies the presence of excess 
fragility of the capsule. He feels that the 
only logical treatment is a filtering operation. 
Gradle and Sugar “ suggest miotics as the 
first mode of therapy. Where a cataract is 
present, lens extraction may be done if the 
tension is first controlled. An uncontrolled 
case requires antiglaucomatous surgery first, 
whether the lens is clear or cataractous. 
Extracapsular extraction is suggested be- 
cause of the frequent finding of fluid vitreous. 
Weekers and associates * recommend cyclo- 
diathermy if the tension is not above 40 mm. 
Otherwise, iridencleisis is suggested. Wil- 
son *® prefers miotics or a decompression 
operation. 


MALIGNANT GLAUCOMA 


Malignant glaucoma refers to those cases 
of glaucoma in which surgical intervention 
is promptly followed by a flat anterior cham- 
ber and an elevated tension, both of which 
are unresponsive to further measures. It is 
more commonly seen with chronic iris-block 
glaucoma than with other types of glaucoma. 
In his discussion of factors predisposing to 
malignant glaucoma, Chandler ** states that 


+ Kirby, D. B., in discussion on Irvine.*! 


R20 


ARCHIVES OF OPHTHALMOLOGY 


in all reports of this condition, where a 
detailed preoperative examination of the 
eye is recorded, the anterior chamber was 
very shallow and the preoperative tension 
high. He believes it is commoner in chronic 
than in acute congestive glaucoma. He notes 
that von Graefe stated that it occurred only 
in chronic glaucoma. He mentions the fact 
that it has been reported in acute glaucoma, 
but the cases for the most part were neg- 
lected ones in which the attack was of two 
days’ to several weeks’ duration before 
treatment was undertaken. 

The treatment of malignant glaucoma 
usually resolves itself into a series of un- 
successful surgical procedures, ending with 
the loss of the eye. The mechanism of this 
train of events is unknown. Shaffer ** sug- 
gests pupillary block with vitreous detach- 
ment as a possible mechanism. According 
to this theory, the aqueous runs posteriorly 
because of the pupillary block. It may collect 
behind a detached vitreous, which forces 
it and the iris forward, making it impossible 
to refill the anterior chamber. Barkan ** 
states that a leaky wound may initiate a 
malignant course in a predisposed eye, since 
it encourages a forward displacement of the 
lens-iris diaphragm. He also suggests for 
consideration a possible relationship between 
malignant glaucoma and the fact that the 
zonular anterior hyaloid diaphragm is rela- 
tively impermeable to passage of fluid from 
behind forward. 

Although reports are few, it is generally 
believed that malignant glaucoma in one 
eye presages the development of malignant 
glaucoma in the other eye if the latter is 
subjected to intraocular surgery.*? 

It is generally agreed that lens extraction 
is the operation of choice for malignant 
glaucoma.t Barkan ** would do an intra- 
capsular lens extraction if an iridectomy 
and vitreous aspiration were not immediately 
effective in cases in which the first eye 
developed a malignant course, although he 
notes that further experience may indicate 
that initial lens extraction is preferable 
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LENS EXTRACTION IN GLAUCOMA 

To be successful in most cases, the extrac- 
tion must be done as a primary procedure. 
some unknown when done as 


lor reason, 


a4 secondary or tertiary procedure, it 1s 
technically more difficult, fraught with com- 
plications, and usually unsuccessful in halt- 
ing the inexorable downhiil course initiated 
with the 
Shaffer's 
surgical treatment should be directed toward 
breaking the pupillary block either by iridec- 


first procedure. According to 


theory of malignant glaucoma, 


tomy or by an actual incision through the 
detached vitreous.** Wegner * recommends 
a double iridectomy through ab externo in 
cisions for malignant glaucoma. The incisions 
are made 1 to 1.5 mm. behind the limbus 
at 10 and 2 o'clock, leaving about a 3 mm. 
bridge of sclera between. The two iridec- 
tomies are joined by delivering the first iris 
pillar through the second incision, giving 
one continuous wide iridectomy. Wegner 
states that this operation, done as a_ sec- 
ondary procedure, saved the eye in eight 
typical cases of malignant glaucoma. In four 
of these cases pilocarpine was required post- 
operatively. In the other four the tension 
was normal without medication. In two 
cases in which the first eye was lost due 
to malignant glaucoma, Wegner was able 
to maintain satisfactory function of the sec- 
ond eye with the operation. None of the 
10 cases is described 

The difficulty in the treatment of malig- 
nant glaucoma resides in the fact that, except 
for patients with a history of the disease in 
the other eye, one cannot tell in advance 
of surgery which of his cases will take this 
malignant course. \ shallow anterior cham- 
ber preoperatively and an elevated tension 
at the time of operation are prerequisites 
for such a development; but of the cases 
meeting these only a 


requirements, very 


small percentage will go on to develop 


malignant glaucoma. Thus, because of the 
inability to predict malignant glaucoma in 


advance of surgery and the statistical odds 


against its occurrence, ophthalmic surgeons 
reluctant to 


are remove a clear lens for 


an acute rise in tension during the course 
of a chronic iris-block glaucoma 


POSSIBLE ADDITIONAL INDICATION 


\nother indication for lens extraction 


suggested itself to us in retrospect while 
we were going over records of cases of 
chronic iris-block glaucoma. This consists 
of advanced iris-block glaucoma in an acute 
attack characteristics 


with the following 


1. History of attacks of iris-block 


glaucoma 


previous 


2. A history of elevated base pressure 


3. A very 
of the latest attack 


shallow anterior chamber at the time 


4. A high tension, over 40 mm. Schitz, with the 
acute attack, which has been in existence for 36 


hours or more and has failed to respond to inten- 
sive miotic therapy 
It has been difheult to find 
the surgical treatment in such a group of 


reports of 


cases. About the closest we can get to the 
above-outlined category are a few reports 
in which some of the cases of iris-block 
glaucoma are spoken of as chronic conges- 
tive, late, advanced, or long standing, these 
terms being based primarily on field loss, 
loss of visual acuity, recurrent rise in ten 
sion, and the formation of peripheral an 
terior synechiae. 

It is generally felt that iridectomy alone 
is not the operation of choice in chronic 
iris-block glaucoma.§ In a_ series of 18 
iridectomies for acute congestive glaucoma, 
Kronfeld and McGarry *’ reported success 
in only 38%, and these were predominantly 
that the 


iridectomies oc- 


in early cases. They note 


great 
majority of unsuccessful 


curred in eyes with advanced congestive 


glaucoma, and they conclude that iridectomy 
is suited only for the early stages of the 


disease. Sourdille ** reaches the same con- 


clusion. Haas and Scheie © state that iridec- 


tomy should be employed only during the 
first 36 hours of the first attack, or during 
the interval phase between attacks if the 


tension remains normal with or without 


miotics, In discussing the same paper, and 


au 


in his own writings,*® Chandler states that 


peripheral iridectomy or iridotomy will be 


§ References 44 and 47 t& 
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ineffective if the glaucoma is advanced and 
a large part of the angle is permanently 
closed by peripheral anterior synechiae 
In analyzing the relation of angle occlusion, 
outflow, and congestion in chronic congestive 
glaucoma, Goldmann *' concludes that iridec 
tomy 1s not successful by itself. Barkan * 
believes that iridectomy is relatively ineffec 
tive in late cases of narrow-angle glaucoma 
because, in addition to angle adhesions, there 
may be damage to the trabeculum by tran 
lent contacts between it and the iris root 

With regard to iridencleisis, Reese © states 
that it is not indicated in advanced glaucoma 
with peripheral anterior synechiae. Chan 
dler recommends this operation in chronic 
narrow-angle glaucoma with synechiae. 

In a recent article involving a relatively 
large series of cases of acute congestive 
glaucoma treated at the Wilmer Ophthal- 
mological Institute between 1930 and 1946, 
Goldberg ** summarizes the operative results 
obtained with various procedures in different 
stages of the disease. He divided the cases 
into three groups: The first group contained 
those cases in which the disease was very 
advanced, with very little vision remaining, 
and which possessed extensive organic 
changes from prior recurrent attacks. His 
second group consisted of recurrent cases 
in which, generally, the disease had been 
uncontrolled by miotics or previous surgery 
but in which the organic changes were not 
advanced. These two groups, except as noted 
below, include the cases that are roughly 
comparable to the type of cases we are con- 
cerned with here. We are not concerned with 
his third group of patients, usually in their 
first attack, with few, if any, organic 
changes 

The first group was treated with posterior 
sclerectomy or sclerotomy combined with 
an anterior segment operation—iridectomy, 
iridencleisis, or corneoscleral trephine. Com 
plications and failures were the rule, and in 
only 13% was the surgery successful 

The second group was treated with 
iridencleisis, Success in 78% is reported 
However, in almost two-thirds of the sue 
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cessiul group the operation was performed 
after the tension fell to normal in response 
to miotics. If we discard from consideration 
those cases responding to miotics preopera 
tively, we are left with 23 cases which 
responded poorly to miotics preoperatively, 
of which 16, or 69%, were = successfully 
treated by iridencleisis 

Now, if a patient with recurrent acute 
glaucoma were to present himself in an 
acute attack, it would frequently be impos 
sible to classify him in one of Goldberg's 
first two groups. Therefore, combining the 
results in the above two groups, there was 
a total of 55 cases, of which 19, or only 35%, 
had successful surgery 

Of 10 eyes with chronic congestive glau 
coma and cataract, Guyton * treated 6 with 
a fistulizing operation first and cataract 
extraction later. (Of these, two were con 
trolled by the fistulizing operation, and the 
other four were finally controlled by addi 
tional glaucoma operations. None of these 
four were controlled by cataract extraction 
The other four cases of chronic congestive 
glaucoma and cataract were treated initially 
with cataract extraction (two intracapsular 
and two extracapsular). In three the tension 
was normal without miotics postoperatively 
In one case the tension rose in two weeks 
after operation but no further surgery was 
performed, Guyton concludes that in eyes 
with chronic congestive glaucoma a com 
bined cataract extraction as the initial pro 
cedure offers at least as much chance as 
and probably more than, a fistulizing opera 
tion performed first 

In recent years, on the Stanford Univer 
sity Hospital clinic service and in the private 
practice of one of us (A. KE. M.), a total 
of 10 patients, involving 15 eyes, with acute 
iris-block glaucoma were treated with lens 
extraction. These cases are, for the most 
part, similar in type and stage to those dis 
cussed above. The case histories are sum 
marized later in this paper and the result- 
tabulated (Table). 


In 14 of the 15 eves there was a history 


of a previous period of elevated tension. In 
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one eye with no prior history of glaucoma 
(Case 3, R. E.) examination revealed baring 
of the blind spot and cupping of the optic 
disc. In nine eyes there was a history of an 
elevated base pressure. In 14 eyes the an- 
terior chamber was very shallow to almost 
flat. In the one exception (Case 4), although 
the chamber was moderately deep centrally, 
it was extremely shallow peripherally, and 
the patient had previously undergone a 
posterior sclerotomy and an injection of air 
to deepen it. The preoperative tension was 
38 mm. or higher in every case. All 15 eyes 
responded poorly to miotics preoperatively 
The duration of the existence of the pre- 
senting elevated tension before surgery was 
approximately 12 to 24 hours in 1 eye (Case 
6, R. E.), 24 to 36 hours in 2d eye (Case 3, 
R. E.), 36 to 48 hours in a 3d eye (Case 9), 
48 hours in a 4th eye (Case 10, R. E.), and 
3 days or more in 10 additional eyes. In 
one eye (Case 7, L. FE.) the duration was 
not known. In three eyes visual fields were 
apparently normal (Cases 1, 6, R. E., and 
9). In three eyes fields were not obtained 
(Case 7, L. E., and Case 10, O. U.). Nine 
eyes showed varying degrees of field loss, 
tested either pre- or postoperatively, but the 
preoperative fields were not considered ac- 
curate. In 10 eyes the acute attack was 
severe, with pain, congestion, and corneal 
edema. In five eyes (Cases 1, 2,7, L. E., and 
8, O. U.) the attack consisted primarily 
of an uncontrolled rise in pressure. In 12 
eyes the lens extraction was the first surgical 
procedure done for the glaucoma. In three 
eyes (Cases 4 and 8, O. U.) the patients 
had had previous glaucoma surgery. In 11 
eyes the extracted lens either was relatively 
clear or contained mild opacities. Only four 
eyes had moderately dense (Case 10, O. U.) 
or dense (Case 7, O. U.) Five 
lenses were extracted by sliding technique 
(Cases 7, L. E.; 8, O. U., and 10, O. U.); 
the others, by tumbling. In 10 eyes a full 
iridectomy was used. Basal iridectomy was 


cataracts. 


employed in two eyes (Cases 4 and 5), and 
a round-pupil iridotomy in one eye (Case 6, 
L. E. 
tomies already present from previous surgery 
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), and in two eyes there were iridec- 
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(Case 8, O. U.). Fourteen lenses were de- 
livered intracapsularly. One capsule was 
broken (Case 3, L. E.) and had 
extracted by hand-over-hand technique. In 
six eyes (Cases 4, 5,6, L. E.; 7, R. E., and 
8, O. U.) an attempt was made to free peri- 


to be 


pheral anterior synechiae. Fluid vitreous was 
lost in one eye (Case 5), and in another eye 
(Case 3, L. E.) there was a postoperative 
adhesion of the vitreous face to the wound. 
ne case (Case 1) is reported to have a 
liquid vitreous three and a half years after 
operation. In Case 2 there is no record of 
the integrity of the vitreous face. In the 
remaining 11 the vitreous face was 
intact postoperatively. The follow-up period 


ey es 


for four eyes was three years or more (Cases 
1, 2, 4, and 6, L. E.). Three eyes have been 
followed for 
R. E.; 7, R. E., and 9). Five eyes (Cases 
7, L.. E.: 8, O. U., and 10, O. U.) have 
been followed from one to two years. Three 
eyes were followed for less than six months 
(Cases 3, O. U., and 5). 


two to three years (Cases 6, 


A further, though minor, reason for per- 
forming lens extraction on these patients 
was the feeling that there was a greater 
possibility that malignant glaucoma would 
develop in this group of iris-block glaucoma 
than in other types.*° However, the more 
important consideration was the usual poor 
result in this type of glaucoma with other 
surgical methods. 


In all the cases reported here, the tension 


chamber 
deepened following lens extraction. How- 


was normalized and the anterior 
ever, in one eye (Case 3, L. E.) the tension 
rose again after a few months, due to the 
establishment of a secondary glaucoma. None 
of the other eyes required any further glau 
coma 10, 


L.. E.) a small piece of iris was inadvertently 


surgery. In another eye (Case 


included in the wound. Since by gonioscopy 


the angle in this eye is closed by synechia, 
and cystic conjunctival blebs were noted in 
the region of the inclusion, there is good 


reason to believe that the unscheduled iris 


incarceration is functioning to carry off 


aqueous 


i 
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The decision to perform a lens extraction 
was made easier in five eyes (Cases 3, L. E.; 
6, L. E.: 8.1L. and 10, ty 
the fact that the 
aphakic. There was also little difficulty in de- 


other eye was already 
ciding to do a lens extraction in the eyes with 
dense cataracts and in Case 9, where there 
was a history strongly suggesting malignant 
glaucoma in the other eye. In three additional 
eyes (Cases 1, 2, and 4) the other eye was 
blind, or almost blind, so that the problem 
of monocular aphakia in the presence of a 
normal phakic other eye did not have to be 
considered, That the problem of monocular 
aphakia would be short-lived in many cases 
is suggested by the finding in the Wilmer 


Institute series °* that acute glaucoma oc- 


7901, 


curred in both eyes in 72% of cases within 


six months. lurthermore, glaucoma surgery 


often accelerates cataract formation, neces 
sitating subsequent cataract extraction Even 
if these arguments were not cogent, we are 
the that 


monocular aphakia is a small price to pay 


inclined to agree with statement 


for the curing of glaucoma. 
The 


in these cases 


lens extraction 
the 
ocular tension is not known. Postoperative 


mechanism whereby 


resulted in normalizing 
gonioscopy was performed in nine of the 
2: 4:6, 0. U.: 8, O. U:: 9, 
and 10, ©. U.). In four eyes the angle was 
generally closed by 2; 4; 


8, R. | and yet the tension 


eves (Cases 


synechia (Cases 
, ona 10: L.. E.), 
was controlled. We have already mentioned 
the accidental iris inclusion in Case 10, L. E. 


In two eyes the angle was partially open 


(Case 6, L. E., and Case 10, R. E.). In 
three eyes the angle was generally open 
(Cases 6, R. E.; 8, L. E., and 9). In all 


cases the deepening of the anterior chamber 


suggests a 


postoperatively concomitant wid- 
ening of the angle, except where permanent 
adhesions existed 

In the three eyes that were microphthalmi 
(Case ] 


values of the tonometric readings may have 


and Case &, O. U.) the absolute 
been inaccurate because of the presence of 
microcornea. However, other findings left 


little doubt of the existence of glaucoma 


In addition, the tension in these eyes dropped 
to normal levels after surgery 

Since these cases were done, acetazolea- 
mide (Diamox) has come upon the scene. 
What effect the use of this drug will have 
the 
advanced congestive glaucoma cannot be de 


upon operation of choice in chron 


termined at the present time. 


CONCLUSIONS 


lhe 


glaucoma are reviewed, 


indications for lens extraction in 


extraction appears indicated in intu- 


mescence, phacolytic glaucoma, glaucoma 


secondary to a dislocated lens, and malig 
nant glaucoma, but its value is doubtful in 
glaucoma capsulare. 

In addition, lens extraction is suggested 
in advanced cases of acute iris-block glau- 
coma with a very shallow anterior chamber 
and a high tension which does not respond 
to medication, or in cases in which the pa- 


tient has been in the acute attack for three 


days or more. This suggestion is made even 


when the lens is clear, but especially when 


the lens is already moderately to densely 


when the 


opaque or other eye is already 
aphakt 
KEPORT OF CASES 
Case | 
time in November, 1947, with a history of bilateral 


congenital 


A 62-year-old man was seen for the first 


microphthalmos, and 


narrow-angle glaucoma. The left eye had previously 


high hyperopia, 
been treated for an attack of acute congestive glau 
coma with an iridectomy, followed in one month by 
a lens extraction 
had 


projection 


Since that time vision in the L. EF 


been limited to light with 


Lhe had 


slightly above normal in spite of intensive 


perception poor 


tension in the R. E been 


running 


therapy with miotics, and vision in that eye had 
been gradually decreasing. 

Examination of the R. E. disclosed a marked 
microphthalmos. The anterior chamber was ex 
tremely shallow, being almost obliterated in the 
periphery. Corrected acuity was 20/100, and there 
was a moderate | posterior cortical lens opacity 


Visual field was apparently normal, 
blind 


ran bet 


although the 
spot could not be plotted satisfactorily. Tension 
veen 40 and 

Continued mioti 
the R. 


full iridectomy wa 


0 mm 

failed to reduce the tension in 
An intracapsular cataract extraction with 
done. The postoperative course 


was uneventful. The chamber deepened, and the ten 
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ion dropped to normal levels. When he was last 
een in 1951, the tension was recorded as 24 mm 
(Schigtz), and vision was 20/100 with a 421.00 
pl + 1.00 cyl, ax 150. He was not using mioti« 

( A 2 An 44-year-old man was first seen in 
\ugust, 1949, when referred for treatment of poorly 
controlled narrow angle glaucoma L.. E. The patient 
had had glaucoma in the KR. E., which had failed to 


respond to trephination, and the eye was enucleated 


mi 1947. At that time, glaucoma was discovered in 
the left eye, and he was placed on miotics. Recently 
lis tension was not controlled by drops, and hi 


began to decrease 

lxamination revealed correctible acuity of 20/200 

vith the L. EK. The pupil measured 1.5 mm. in 
diameter and reacted only slightly to light. The 
cornea was clear. The anterior chamber was ex 
tremely shallow, and the iris appeared to touch the 
periphery of the angle in many places. Only a red 
reflex was obtained by ophthalmo copy through the 
mall pupil and nuclear and cortical lens opacities 
lension was 40 mm. (Schigtz). Field test showed 
a superior nasal field defect and an extensive 
ijerrum scotoma 

Intracapsular extraction of the lens with full 
iridectomy was performed. The chamber deepened 
in a few days. Eleven days postoperatively the ten 

ion measured 18 mm. (Schigtz). The patient has 
been followed for five and a half years, during which 
time his tension has been normal without miotics 
and his anterior chamber has remained at normal 
depth. There is some cupping and pallor of the optic 
dise. Visual acuity in March, 1955, was 20/25 cor 
rected, Gonioscopy reveals extensive closure of the 
angle by peripheral anterior synechiae with openings 
at the 2, 6, 10, and 12 o'clock positions. 

Case 3.-A 71-year-old man was referred in 
March, 1950, for emergency treatment of bilateral 
acute narrow-angle glaucoma. There was a history 
of previous attacks of glaucoma in the L. F 

Examination showed a visual acuity of 20/40 with 
the R. E. and hand movements at 10 ft. with the 
L.. Ek. The right cortiea was slightly cloudy ; the left, 
definitely edematous. Both anterior chambers were 
very shallow, the left being almost flat. The right 
lens contained only slight diffuse cortical opacities 
The left lens had moderate nuclear and cortical 
opacities. There was glaucomatous cupping of both 
dises, seen through the cloudy media. Tension was 
above 72 mm. (Schigtz) in each eye. Central fields 
revealed baring of the blind spot in the R. E. with 
2/1000 white and constriction to within 10 degrees 
in the L. FE. with 5/1000 white. There were nu 
merous large pigment deposits on the back of the 
left cornea, 

Intensive miotic therapy was given for six hours, 
without response. It was decided to operate on the 
R. E. because of the poor prognosis for the L. EF 
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\n intracapsular lens extraction, RK. E., was pet 


formed with full iridectomy. The chamber deepened 
and the tension was soft postoperatively. The cham 
ber remained deep; tension remained normal, and 
visual acuity was 20/20 with aphakic correctior 


Visual field showed moderate constriction 


rhe tension in the L. FE. continued to be poorly 
controlled by miotics, and the patient experienced 
episodes of pain in that eye. Therefore an intra 
capsular extraction was attempted in the L. FE. The 
capsule ruptured during extraction of the lens, but 
all of the capsular material was removed. A full 
iridectomy was employed. The chamber was deep 
postoperatively, and the tension was within normal 
limits for several months. However, all during this 
postoperative period the L. I. manifested a moderate 
ciliary flu h, corneal edema, triate keratopathy, 
slight aqueous flare, and adherence of the vitreous 
lace t 


» the wound. The angle appeared obstructed 
trom 10 to 2:30 o'clock. A secondary glaucoma 
ensued, and the tension rose gradually to 55 mm. 
Response to both miotics and cycloplegics was poor. 
Cyclodialysis was recommended but was consistently 
refused, Tension remained elevated; field gradually 
shrank to less than 5 « 


egret vision dropped to 
perception of hand movements at 1% ft. and central 
fixation became doubtful 

Case 4.—A 58-year-old man was referred for 
treatment of an uncontrolled iris-block glaucoma, 
R. in August, 1950 

The patient had a history of bilateral cataract 
One year before he had had a cataract extraction, 
L.. E., followed by secondary giaucoma. He was 
treated with miotics, surgery, and x-ray therapy, 
but these measures failed, and he lost the vision in 
his left eye. More recently glaucoma was discovered 
in his R. E. This was treated in succession by 
miotics, cyclodialysis, iridencleisis, and, finally, an 
other cyclodialysis, all of which failed to control the 
tension, On one of these occasions a_ posterior 
sclerotomy and air injection was done to deepen the 
anterior chamber. 

I-xamination revealed that the R. FE. was intensely 
injected and there was a small hyphema in the 
anterior chamber. Only a red reflex was obtained 
with the ophthalmoscope. There was some edema of 
the corneal epithelium. The anterior chamber was 
moderately deep centrally but became extremely 
shallow in the periphery. Visual acuity was counting 
fingers at 3 ft. The peripheral field was grossly 
normal. There was a moderate lens opacity. Tension 
was 49 mm. (Schigtz) 


The patient was placed on miotics. The tension 
remained elevated. paracentesis internal 
cyclodialysis were performed, without effect. Diben 
amine caused a transient drop in intraocular pres 
sure. An intracapsular lens extraction was per 


formed. The tension wavered for a few weeks. One 
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month postoperatively the tension was normal with copy performed on the right eye revealed that only 
drops and the anterior chamber was deep. Visual — the first part of the trabeculum was visible 
acuity was 20/25 with correction, and the visual 


and in 
some places even this was covered 


held measured approximately 25 degrees wit! An intracapsular lens extraction, | K., with 
10/1000 white. Four and one-half years postoper peripheral iridotomy and treeimg of anterior and 
atively tension was still controlled with drops and posterior synechiae, was performed, The tension fell 
acuity was 20/50. Gomioscopy showed many periph to normal, and the chamber deepened. Some pos 
eral anterior synechiae occluding the angle, wit! terior synechiae persisted 
occasional openings exposing the trabeculum In June, 1952, she began to have transient episodes 
Case 5 \ 71-year-old man was seen in Decem of pain and decreased vision in the R. EE. One month 


ber, 1950, complaining of pain in the L. EF. of three later she entered the hospital in an acute attack 
days’ duration. He had a history of bilateral gli R. | with a tension of 59 mm. (Schietz An 


oma, controlled with miotics in the right eye intracapsular Jens extraction with full 


mecontrolled in the left. Recently he had an ac 


iridectomy 


vas performed after the patient failed to respond to 
attack in the L. E., with loss of vision and pain intensive miotic therapy. The tension was within 


treated at another ho pital with miotics normal range postoperatively and the anterior 


I-xamination revealed a visual acuity of 20 chamber became deeper 


the R. FE. and perception of hand movements at 1 The tens) remained normal 


with the L, | Ihe conjunctiva of the left eye without miotics time of the last visit, in 


was injected and the cornea edematou The right ober, 1954 ion is 20/25 in ea ye with 


eye had slight bedewing of the cornea. Both pupils aphakic correction. With gonioscopy the angle in 


were trregular and in middilatation. Tensions were the R. Ee. is seen to be open and deep all around 
40 mm. R. EF. and 67 mm. L.. FE. (Sehigtz). Both xcept at the pillars of the iridectomy. In the L. I 


anterior chambers were allow and there were the angle is closed over two-thirds of its cireum 


bilateral immature senile cataract Neither eve ference, with a good opening over the remaining 
showed an aqueous flare or cells. The visual field one-third There is still some superior field los 


was constricted in both eyes, more so in the left in the L. EF. and a normal field in the R. I 


Intensive miotic therapy promptly brought the Case 7.—A 76-year-old woman presented herself 


pressure in the right eye down to normal but had in February, 1952, complaining of pain in the R. | 


little effect on the tension in the left eye. Air was of nine days’ duration, In addition, she had noted 


injected into the left anterior chamber in order to rapid diminution in vision of the R. EK. recently 


separate any peripheral anterior synechiae that Phe ion in the | had been poor for a number 


might have been present. This failed to benefit the 1 year 
patient, and so an intracapsular lens extraction was I.xamination revealed visual acuity of finger 
performed on the left eye counting at 3 it. in each eye. In the R. FE. there 
The chamber deepened postoperatively, and ten were circumcorneal injection, haziness of the cornea, 
carnation 
local eye clinic in February, 1951 howed corneal edema in the R. E., guttate 


sion fell to normal. The patient returned to his and a dilated, fixed pupil. Slit-lamp « 


endo 
ly 


CASE 6 \ 66-year-old woman was first seen thelial changes of both corneas, shallow chamber 
May, 1951, complaining of severe pain in the I with narrow periphery in both eyes, and dense 
of one day’s duration nuclear sclerosis of the lens in both eyes. Nothing 

The patient had been under the care of another more than a red reflex through the lens opacity 
could be seen in either eye with ophthalmo copy 
Tensions were 48 mm. R. EF. and 29 mm. L. F 


(Schigtz). Visual field test of the R. | howed a 


uperior field defect 


eye doctor for iris-block glaucoma and was using 
miotics in both eyes. She had had a previous episode 
of pain in the L. E. one week before, with blurring 


of vision 
The tension in the R. E. did not respond to mioti« 
Examination revealed acuity of 20/40 R. FE. and 


and retrobulbar procaine, An intracapsular cataract 
2/200 L. FE. Slit-lamp examination of the R. FE 


extraction, with scleral-placed incision and full 


showed a shallow chamber. In the L. EF. the cornea — jridectomy, was pertormed on the R. kK. The cham 


was edematous, the chamber very shallow, the pupil ber deepened, and tension returned to normal 


irregular, and the lens mildly cataractous. The Visual acuity did not improve significantly, pri 


visual field of the R. FE. was normal; that of the marily because of the development of endothelial 
L.. Ek. showed a superior temporal constriction, A epithelial dystrophy with bullous keratitis 


red reflex was seen by ophthalmoscopy in the L, F The tension in the L. E., in the meantime, hovered 


The right fundus was not remarkable except for around the high normal range in pite of miotics 


questionable cupping of the dise. Tensions were Moderate corneal edema developed. Nine months 


12 mm. R. E., and 65 mm. L. EF. (Schidtz). Gonios after surgery on the R. E., the L. FE. suddenly be 
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came involved in an acute episode of iris-block 
glaucoma, the tension rising to 63 mm. (Schigtz). 

An intracapsular cataract extraction L. E. was 
performed, using a scleral-placed incision, full 
iridectomy, and sliding technique. Postoperatively 
the chamber gradually deepened and the tension 
dropped to normal. As in the other eye, the corneal 
dystrophy progressed to a bullous keratitis. 

toth eyes have maintained normal tension with- 
out miotics up to time of last visit, in July, 1954. The 
chambers are deep, but the angles cannot be seen 


because of the corneal edema. 


Case &—A 59-year-old woman was referred in 
June, 1953, with a history of poor vision all of her 
life, bilateral high hyperopia, retinitis pigmentosa, 
and iris-block glaucoma. For the glaucoma she had 
undergone an iridectomy and two cyclodiathermy 
procedures since 1950 in the R. E., with poor con 
trol of tension. The L. E. had undergone an iriden- 
cleisis in April, 1952, which failed to normalize 
the tension Miotics, including isofluorophate 
(D.F.P.), also failed to hold the tension below 
10 mm. Schiftz. 

Examination revealed her acuity was 20/400 in 
the R. E. and 20/200 in the L. E., with a + 13.00 
sphere for each eye. Visual fields showed marked 
irregular constriction bilaterally. Both globes were 
microphthalmic. The anterior chamber was very 
shallow in the R.E. and almost nonexistent in 
the L. FE. The fundi showed peripheral pigmentary 
formations and some atrophy and cupping of the 
right dise. With gonioscopy the right iris appeared 
to be lying against the trabeculum in practically 
all positions around the circumference of the 
angle. The angle in the L.E. was too shallow 
to be examined gonioscopically. The lenses showed 
only slight clouding. Tension was 45 mm. (Schigtz) 
in the R. E. and 35 mm. in the L. E 

Ihe right lens was extracted intracapsularly by 
sliding technique, and at the same time an attempt 
was made to break the peripheral anterior synechiae 
with an internal cyclodialysis maneuver. 

The tension in the L. Kk. in the meantime rose 
slightly, and a couple of months later the left lens 
was extracted in similar manner, 

Postoperatively both anterior chambers deepened 
promptly, although some anterior synechiae per- 
sisted in both eyes. Tensions fell to normal levels 
and have remained so with the help of miotics. 
At the time of the last visit, in March, 1955, acuity 
was 20/200 in each eye and tension was 24 mm. 
(Schigtz) in each eye. Gonioscopy revealed the 
right angle to be generally closed by synechiae, 
except superiorly in the region of the iris pillars 
and iridectomy. In the L. E. the angle was open 
in most areas, with an occasional adhesion between 
the iris and the trabeculum or cornea 
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Case 9.—A 70-year-old man was referred in 
May, 1953, for treatment of an acute attack of 
iris-block glaucoma in his left eye. 

The patient had a history of acute congestive 
glaucoma in the R.E., which did not respond to 
iridectomy, iridencleisis, or, finally, cataract ex- 
traction. Following this series of operations, the 
patient’s tension remained elevated and his vision 
was reduced to light perception. Recently the eye 
had become painful and blind, and it was eventually 
enucleated. 

The left eye had been well until recently, when 
the patient had several transient episodes of blurred 
vision. There was no loss of visual field, however, 
and his acuity remained approximately 20/40, due 
to a posterior cortical lens opacity 

The present episode began a day before referral 
with blurring of vision. His local eye doctor found 
the L. Ee. to be stony-hard and placed the patient 
on pilocarpine and physostigmine. The tension did 
not fall, nor did the pupil constrict. 

Examination of the L. FE. revealed the following 
The eye was stony-hard. The cornea was steamy 
The anterior chamber was flat peripherally and 
approximately 1 mm. in depth centrally. The iris 
extended forward in bombé fashion. The pupil was 
approximately 4 to 5 mm. in diameter and oval 
Ophthalmoscopy yielded only a blurred red reflex, 
due to corneal and lens opacities. Acuity was 20/200 

An attempt was made to dilate the pupil with 
phenylephrine (Neo-Synephrine) and homatropine 
The pupil dilated somewhat, but the tension did 
not change. Even, with general anesthesia and 
massage the tension did not come down appreciably. 
A paracentesis was performed and part of the 
aqueous removed. A large iridectomy was made 
superiorly and the lens extracted intracapsularly. 

Postoperative recovery was uneventful. The 
chamber deepened almost immediately. On the 16th 
postoperative day a tension reading was taken and 
found to be 22 mm. (Schigtz). 

Tension had remained normal through his last 
visit, in March, 1955. Vision is 20/20 with cor- 
rection. Gonioscopy shows an open angle with one 
synechia at the 5 o'clock position 


Case 10.—A 75-year-old woman was first seen 
in November, 1953, because of acute pain and loss 
of vision in both eyes, occurring while she was in 
the hospital under treatment for a coronary oc- 
clusion 

Her previous history failed to disclose any 
symptoms suggesting previous attacks of acute 
glaucoma. Her vision had become poorer in recent 
months, and her refractive error had changed from 
hyperopia to relative myopia. 

Examination revealed visual acuity to be down 
to light perception in both eyes. Each eye was 
stony-hard. The corneas were markedly edematous 
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Intensive miotic therapy and bilateral retrobulbar 


procaine injection brought the tensions down to 


an almost normal level within a few hours. There 
was some clearing of both corneas, allowing for 
The 


virtually 


closer inspection of the anterior segments. 


irides were in middilatation and were 


fixed. The anterior chambers were extremely shal- 
low. In the left eye the iris was practically against 
the cornea. Both lenses showed some enlargement, 


The 


conjunctiva in both eyes was edematous. Ophthal- 


and there were fairly dense bilateral cataract 


moscopy was completely unsatisfactory. 
A few days later the pressure in the L. E. rose 
to 60 The 


taken to the operating room and an intracapsular 


mm. in spite of miotics. patient was 


cataract extraction was performed on the left eye, 


employing slow decompression of the 


chambe rs, 


full iridectomy, and sliding technique of lens 
removal 


Several days later the in the R. FE 
a similar surgical pro 
cedure was performed on that eye 

both eyes fell to 
normal levels and remained there without miotics 


With 
inferior -and tem 


pressure rose 


to 70 mm., and therefore 


Postoperatively the tension in 


Grossly, the chambers appeared deeper. 


gonioscopy, the angle over the 


poral trabeculum of the R. E. was open. Consider 
able iris pigment was adherent to the trabeculum. 
Superiorly, in the region of the iridectomy, normal 
trabeculum was visible. The iris 


pillars were 


adherent to the posterior wound, 
In the L.E. gonioscopy revealed the angle to be 
completely obliterated by anterior synechiae except 


surface of the 


superiorly, where there was an area of free trabec- 
ulum, The nasal iris pillar appeared to be included 
in the posterior lip of the wound. 

When the patient was last seen, in May, 1955, 
acuity 20/25 in with 
Tension was normal in each eye. The fundi were 
essentially normal 


was each eye correction 


Dr. Rolf 
references 


Fissler aided in translation of the 
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ERIK LINNER, M.D., Uppsala, Sweden 
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EMILE PRIJOT, M.D., Liége, Belgium 


Lhe 


system 


role ot the 


the 


sympathetic nervous 


for regulation of intraocular 
pressure has been studied by many investi 
gators, with varied and contradictory re 
literature have been 
Duke-llder,? Magitot," 
and Weinstein.’ 


studies 


Reviews of the 
Thiel," 
and, more recently, Jaffe‘ 
\t the time of 


sults. 
made by 
those attention was 
focused on intraocular pressure rather than 
tech 


flow 


on aqueous flow, since no suitable 


niques for measurement of aqueous 
were available 

A change in the intraocular pressure ot 
dif 


for instance, a change in the 


short duration can be caused by many 
ferent factors 
blood volume of the eye. On the other hand, 
the 


aqueous inflow, the facility of aqueous out 


only three factors, namely, rate of 
flow, and the episcleral venous pressure, can 
determine the long-continued level of intra 


ocular pressure 

The purpose of the present work was to 
study in rabbits the effect of extirpation of 
the superior sympathetic the 
intraocular pressure and on the three factors, 


ganglion on 
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ang Conec omy 


mentioned above, that are of importance 


for its permanent regulation, In order to 


illow. the postoperative establishment of a 


steady state, no measurements were made 


earlier than one day following the operation 


MATERIAL AND METHOD 
Mak 


were 


pigmented rabbits, weighing 2 to 2.5 kg 


ide was extirpated 


used uperior cervical ganglion on the 


right with the under 
general anesthesia ntobarbital sodium, 65 mg/ce 


body 


an elongated 


animal 


0.5 ml/kg weight). Anatomically, the gang 


lion 1 tructure extending posteriorly 
The 
A care 


order to 


from just behind the common carotid artery 
ganglion 


ful di 


ometimes divided in two parts 


section is therefore necessary in 


make sure that the ganglion is completely removed 
The intraocular pressure was measured by means of 


an electronic tonometer (V. Mueller), and Grant's 


method of tonography was used according to the 
technique of Kornbluth and Linnér.’ 


(1.5 


general 


In this study, 
paraldehyde given by stomach 
The tables of 
Friedenwald (1954)% were used for the calculations 
The 
left 


after the 


Kg.) Was 


tube as a anesthetic new 


right eye was examined before 


followe d 


always the 


The eyes were from 1 to 15 days 


operation. Since tonography could not be 
performed on the first day on account of the severe 
hypotension, the coefficient of 
that 


method ce 


facility of outflow 


vas measured on day on enucleated 


eyes 


according to the 


cribed by Barany.’ 


Immediately after enucleation under pentobarbital 


thesia the 


fused \ 


two eyes were simultaneously per 


horizontal pipette containing a physio 


logically isotonic solution buffered with phosphate 


pH ®, was connected to the anterior chamber by a 


needle. A 


exerted on te 


2o-gaupe constant pressure of 20 mm 


Hig was 


perfusion fluid by a water 


manometer 
Ihe 


ording 


episcleral venous pressure was measured 


to the method described by Linnér.* 


kl LT 


\. The following findings in the eye on 


the right (operation) side were observed 


on the first day after the extirpation of the 


ganglion 
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1. In a group of 22 rabbits the mean intra- 
ocular pressure was 9.39+0.79 mm. Hg, as 
compared with 20.63+0.95 mm. Hg on the 
left (intact) side. Tonography could not be 
performed on the right eye because the 
intraocular pressure was so low that the 
instrument went off scale. 


2. In 10 rabbits the episcleral venous 


pressure was found to be 9.10+0.29 mm. 
Hy in the right eye and 9.04+0.29 mm. Hg 
in the left eye. There was no statistically 


significant difference between the side of 


operation and the intact side in this respect. 


With an average intraocular pressure of 


Results of Extirpation of Right Cervical Superior 


Sympathetic Ganglion in Rabbits * 


Right Eye Left Eye 


Pe Cc 
9% 0.2091 0.2504 
0.79 0.022 0.074 
, 9 ” 9 
0.206 
1.51 0.016 0.014 
16 12 ‘ ll 
7 0.4 
0.023 


0.204 
O019 


0.203 

uv 
wae 0.200 0.279 
1,70 0.721 
12 es 9 


*/’o indleates Intraocular pressure, in millimeters He; C, 
facility of outflow, eu. mm./min.j/mm. He: F, flow of 
aqueous, eu. mm./min., ealeulated from the mean values 
for /’o and C; m, arithmetle mean; ¢, standard error of 
the mean; a, number of eyes 


+C determined by perfusion after enucleation on first 
day only; all others, by tonography. 

9.39 mm. Hg and an episcleral venous pres- 
sure of 9.10 mm. Hg, the average outflow 
pressure was close to zero. 

3. In nine rabbits the coefficient of facility 
of outflow was measured after enucleation 
by means of the perfusion technique, de- 
scribed above. At a pressure of 20 mm. Hg 
no significant difference in the facility of 
the 
operation and the intact side (Table). 


outflow was found between side of 

B. On the second postoperative day the 
intraocular pressure was restored to normal 
in practically all cases. On this day the 
rate of aqueous flow and the facility of out- 
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flow were slightly decreased in both eyes. 


The significance of this transitory finding 
remains obscure. There was no statistically 
significant difference between the two eyes 
at this time. The intraocular pressure was 
then followed up to 15 days after operation, 
and tonography was performed at varying 
(Table ). 


intervals 


COMMENT 


On the first day after operation the intra- 
ocular pressure on the side of operation 
was, on the average, reduced to the level 
of the episcleral venous pressure. The facility 
of outflow measured by perfusion after 
enucleation did not show any significant 
difference between the eye on the side of 
operation and the intact side. An outflow 
pressure close to zero without evidence for 
an infinite increase in the facility of outflow 
indicates a markedly decreased rate of 
aqueous flow. 

The suppression of aqueous flow one day 
following ganglionectomy suggests that an 
adrenergic mechanism may be involved in 
the intraocular secretory process. Frieden- 
wald and Buschke* (1941) have, in fact, 
shown that certain aspects of the secretory 
mechanism are inhibited by adrenalectomy 
and reestablished by administration of very 
small doses of epinephrine. They reported 
no effect of preganglionic sympathectomy 
but did not perform a ganglionectomy in 
their experiments. 

In the present experiments the intraocular 
pressure, the facility of aqueous outflow, and 
the rate of aqueous flow all were restored 
to normal by the third postoperative day 
are in 


The values found after restoration 


good agreement with the results of similar 
determinations on the normal eyes of another 
group of rabbits under the same general 
anesthesia (Stone and Prijot *°). 

In a similar study now in progress con- 
cerning the effect of preganglionic cervical 
sympathectomy, no marked effect on the 
flow has 


intraocular pressure or aqueous 


been found so far 


. 
Days 
m 
2 om 2.16 
‘ 5 om 3.19 
om 2.34 
n ove 
a 
4 
‘ 


SUPERIOR CERVICAL GANGLION 


SUMMARY 
The effect of extirpation of the superior 
cervical sympathetic ganglion on the aqueous 
humor dynamics was studied in rabbits. A 


marked decrease of the intraocular pressure 


and of the rate of aqueous flow was found 
one day after the operation, followed by a 


restoration to normal values a few days 
later. No significant change was found in 
the facility of outflow or in the episcleral 
venous pressure. 
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he Effect of a P. araldehyde 
on _Augueous Dynamics in Kabbits 


HOWARD H. STONE, M_D., Baltimore 
and 
EMILE L. PRIJOT, M.D., Liége, Belgium 


In a previous study from this laboratory, 
Kornbluth and Linnér' demonstrated the 
possibility and utility of tonography in rab 
hits. Their experiments were performed 
under barbiturate (pentobarbital | Nembu 
tal]) anesthesia. Subsequently, Becker and 
Constant * showed that tonography could be 
successfully performed on these animals with 
topical anesthesia only. The purpose of the 
present study was to find out whether, and 
to what extent, general anesthesia induces 
changes in the dynamics of the aqueous 
humor. To this end we have measured the 
coefficient of facility of outflow (C), the rate 
of aqueous flow (//), the episcleral venous 
pressure and the ocular rigidity ) 
in normal rabbits with and without general 
anesthesia. In view of the large variation 
in response of different species to anesthetic 
drugs, the reader is cautioned against assum 
ing that the results found in rabbits neces 
sarily apply to man 

Che effects of general anesthesia on intra 
ocular pressure have been previously studied 
by several investigators. Rubino and Esente 
reported that barbiturates lowered intra 
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ocular pressure (1. O. P.) by “paralysis” 
of the diencephalon. Schmerl and Stemberg ' 
helieved that paraldehyde anesthesia pri 
marily affected the cerebral cortex and pro 
duced no changes in ocular tension, whereas 
pentobarbital (Nembutal) sodium anesthe 
sia, which they assumed to act predomi 
nantly on the diencephalon, produced a 
slight decrease in 1. O. P 

The mechanism by which a control of 
I. ©. P. was mediated has long been an 
intriguing problem. Magitot,* Beauvieux, 
Weinstein,” Thiel,® and von Sallmann and 
Loewenstein '’ implicated the central and/or 
autonomic nervous system 


METHODS AND MATERIALS 


\ total of 78 rabbits were used in these experi 
ments. The animals were pigmented male rabbits 
weighing between 2.2 and 3.0 kg.t The anima!s 
were on a regular “Sherwood-Feed” pellet diet and 
water ad lib. 

Tonography lonograms were obtained on rab 
bits by the method described by Kornbluth and 
Linnér.! An electronic Schigtz tonometer (V. 
Mueller) connected with a recorder (Minneapolis 
Honeywell-Brown electronic potentiometer) was 
used both for tonography and for tonometry 

Fluorescein-Appearance Time.—For determina 
tions of fluorescein-appearance time, 2.5 ce. of fluo 
rescein sodium (Fluorescite) { was injected intra 
venously into the rabbit’s ear over a period of 10 
seconds. This method was developed by Linnér and 


riedenwald.§ For observations of the dye in the 


* References 5 and 6 

+ Purchased from Research Supply Co., Phila 
delphia 

tC. F. Kirk Co., New York 

§ Linnér, and Friedenwald, J. 5., in Sym 
posium on Diamox in Ophthalmology, report pre 
sented at the Wilmer Residents’ Meeting, Baltimore 
\pril 2, 1954 
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pupil, a Haag Streit ocular biomicroscope (slit 
lamp) was used. The same observer made repeated 
observations in the same group of animals. Eight 
seconds from the beginning of the injection was 
estimated as the average circulation time 

Inesthetics. Three major types of experiments 
were carried out 

1. Pentobarbital Sodium: One-third of the rab 
bits were anesthetized by the intravenous injection 
of 0.5 ce. per kilogram of body weight of a solution 
containing 65 mg. of pentobarbital per cubic centi 
meter of 10% alcohol. This dose produced moderate 
to deep narcosis.'' Tonometric determinations ot 
1. (). P. were made on one eye, beginning six minutes 
after sleep was induced, and were repeated at ap 
proximately 5-minute intervals for 40 minutes after 
the anesthetic was given. At approximately 45 
minutes tonography was performed on the same 
eye. One drop of 0.5% Ophthaine || (2-diethylamino 
ethyl -3-amino-4-propoxybenzoate hydrochloride ) 
was instilled into the conjunctival sac before to 
nometry and tonography 

2. Paraldehyde (100%) : One-third of the rabbits 
were anesthetized by gastric intubation with paral 
dehyde? 1.5 ec. per kilogram of body weight, 
E. R. Squibb & Sons 


" References 4 and 11 
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mixed 1:7 with tap water. Since the time of in 
duction varied from animal to animal, all tono 
metric determinations were begun only 30 minutes 
after the anesthetic had been introduced into the 
stomach, At this time all animals were in moderate 
to deep narcosis. The I. O. P. was determined tono 
metrically every 5 minutes up to 65 minutes trom 
the time the anesthetic was introduced. At 70 
minutes tonography was performed. One drop of 
Ophthaine was instilled into the conjunctival sac 


before tonometry and tonography 


3. Topical Anesthesia Without General Anes 
thesia: Approximately one-third of the rabbits 
served as controls and did not receive general anes 
thesia. One drop of Ophthaine was instilled int 
the conjunctival sac before tonometry and tonog 
raphy 


Comparative Ratios: Ten rabbits were selected 
for comparative-ratio studies (Table 2). This group 
of animals was subjected on successive weeks to 
tonography under pentobarbital sodium anesthesia 
under paraldehyde anesthesia, and without general 
anesthesia. The order in which the experiments 
were performed on a given animal was varied in 
different animals so as to allow the possibility of 
irreversible changes in the eye alter repeated 
tonographic readings and/or repeated general anes 
thesia 
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13 rabbits 


MINUTES 


Fig. 1.—Mean intraocular pressures during pentobarbital (Nembutal) sodium anesthesia | 
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lpiscleral V enous Pressure (P,).—This was de- 
termined, under various conditions, by the method 


deseribed by Linnér.'? 


Ocular Rigidity (K)—This was determined by 


comparing successive tonometric readings with the 
5.5 and 10.0 gm. weights, using the 5.5-gm. weight 
first. Friedenwald’s tables ?* were used for compu- 
tations 


The coefficient of the facility of outflow (C) 
was calculated from the tonograms by the methods 
described by Grant.f The rate of aqueous flow was 
calculated by the equation (P.—P,) 


RESULTS 


Pentobarlital Sodium.—In Figure 1, each 


point plotted on the graph represents (a) 


the average of several determinations of 


I. ©. P. for each animal according to the 
Tante 1.—Mean Coefficient of Facility of Outflow 
(C) and Mean Intraocular Pressure 
During Steady State * 

Pento- 
No General barbital Paralde 
Anesthetle Anesthesia Sodium hyde 


Coefficient of facility 
of outtiow (C), 

eu. inm./min.j/mm. He 
Intraocular pres 

sure, mm. He 


0420012 0.330.030 0.290.023 


23.021.93 19.71.84 20. 821.90 


* The same 
ditions 


10 rabbite were used under all these con- 


following time schedule: at 6 minutes, be 
tween 15 and 25 minutes, between 26 and 
35 minutes, and from 36 minutes on, and 
(b) the over-all mean for the figures deter- 
mined under (a) for 13 animals. Thus, the 
five points plotted in Figure 1 represent the 
average values of over 200 determinations 
of 1. O. P. 

As can be seen from Figure 1, the I. O. P. 
falls during the first 15 minutes and then 
reaches a fairly straight plateau.* During 
the period represented by the plateau the 
flow of aqueous can be assumed to have been 
in a steady state. As depicted on the graph, 
tonography was performed during a period 
of steady state 


# References 14 and 15 


* There may be an initial rise of 
I.O. P. under this anesthetic, since the six-minute 


transitory 


reading yielded an average pressure slightly higher 
than that found without general anesthesia 
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Paste 2.—Mean of Katios af C and Intraocular 
Pressure for Pentobarbital-No General Anesthesia 
and Paraldehyde-No General Anesthesia Obtained 
from Group of Ten Rabbits Shown in Table 1 


Pento- 
barbital 
Sodium 


Mean Ratio Paraldehyde 


No General 
Anesthesia 


No General 

Anesthesia 
Coefficient of facility of 1,390.12 
outflow (C) 


Intraocular pressure 0.86520 .068 0 


Taste 3.—Comparison of Mean Coefficient of 
Facility of Outflow in Two Groups of 
Rabbits (p<0.10) 


Pentoharbital 
Sodium 


6.31320.02 


Anesthetile 
Coefficient of facility 
of outflow (C), 
cu. mm./min./mm. Hg 
No. of animals 16 22 


Paraldehyde 
0.2762-0.013 


Taste 4.—Aqueous Flow (F) During General 
Anesthesia as Compared with Flow Without 
General Anesthesia * 


Pento 
No General barbital Paralde 
Method Anesthesia Sodium hyde 
Mean 
F, eu. mm./min.t 8.30 3.48 3.39 
(topography) 
Fluorescein-appearance 636.2 647.7 
time, sec.} 1b n 16 a= 


(relative flow) 


* All values were obtained during steady state 
* Refers to the group of 10 rabbits reported in Tables 8 


and 4. F was caleulated by multiplying C by 
t Values refer to different groups of rabbits 


(Pe — 99). 


Taare 5.—Episcleral Venous Pressure During 


General Anesthesia 


Pentohbarbital 
Sodium Paraldehyde 
Episeleral venous pressure 980.14 
(/’+),* mm. He 6 n=6 
Mean ratios of ocular 0.9720 046 0.922-:0.058 
rigidity t (K) D 13 b 12 


* Measurements made on the same six eyes under both 
anesthetics 

+ Estimates of mean ratios of ocular rigidity with gen- 
eral anesthesia relative to measurements on the same eyes 
without general anesthesia. The figures give the ratios of 
the paired measurements, not the absolute values of the 
measurements 


Paraldehyde—In Figure 2, each point 
plotted on the graph represents the 
average of several determinations of I. O. P. 


(a) 


for each animal according to the following 
time schedule: at 30 minutes, between 35 
and 45 minutes, between 46 and 55 minutes, 


AM 
— 
a 
| 
= 
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and between 56 and 70 minutes, and (>) the 
over-all mean for the figures determined 
under (a) As in the 
of pentobarbital anesthesia, tonography was 


for 10 animals. case 
performed during a period of steady state. 

Intraocular Pressure (1. O. P.) and Co- 
efficient of Facility of Outflow (C).—The 
results are summarized in Tables 1, 2, and 
3. The mean and the standard error of the 
mean, as well as the number of animals used, 
are given in each Table. Tables 1 and 2 refer 
to the results obtained in the same group, of 
10 animals. Table 2 shows the ratios obtained 
by comparing the same group of eyes with 
general anesthesia with the values obtained 
without general anesthesia. Table 3 refers 
to two different groups of rabbits under two 
different anesthetics. Tonometry and tonog- 
raphy were 


always performed on_ the 


same eye, 


In Table 4 the re 
sults are presented for the rate of aqueous 


Aqueous Flow (¥F). 


flow obtained by tonography and fluorescein 
appearance time. Both procedures showed 
no change in the rate of flow of the aqueous 
under the conditions compared 


Episcleral Venous Pressure and Ocular 
Rigidity —The results are summarized in 
Table 5 and will be discussed below 


COMMENT 
The data presented above were calculated 
on the assumption that the tables of tonom- 
etry, tonography, and ocular rigidity em 
ployed for human eyes may, in general, be 
applied to rabbit eyes with reasonable re- 
liability. According to the work of Kornbluth 
and Linnér,’ such an assumption could be 
considered valid. Moreover, in comparing 
the tonographic determinations on the same 
eye under different experimental conditions, 
systematic errors tend to cancel out. 
Controls.—-There were several controls in 
the experiments described. First, all studies 
under general anesthesia were carried out 
twice, 1. ¢., under pentobarbital sodium and 
under paraldehyde. Second, a group of con- 
trol animals studied without 


was general 


PARALDEH YDE—INTRAOCULAR 


PRESSURE 


anesthesia in otherwise identical circum 
stances. Third, a group of 10 animals was 
studied successively under all three condi 
tions: pentobarbital sodium, paraldehyde, 
and without general anesthesia, The values 
obtained for their eyes under general anes- 
thesia were compared with the same set of 
( Mean 


Ratios, Table 2). Fourth, the sequence in 


eyes without general anesthesia 


which the general-anesthesia experiments 
were performed was changed in different 
groups in order to take into account possible 
irreversible ocular changes secondary to 
general anesthesia and/or repeated tonogra- 
phy on the same eye. No evidence was found 
ifth, 


aqueous flow was determined by two inde 


to substantiate this assumption. 
pendent methods: tonography and fluores 
cein-appearance time. The results were in 
good agreement. 


Anesthetics.—Ventobarbital Sodium: This 


drug appears to act centrally."' In large 
doses, it is a respiratory depressant and 
lowers blood pressure by peripheral vasodila- 
tation. It is a short-acting barbiturate, and 
after a single narcosis-inducing dose the 
rabbit usually recovered from the anesthesia 
after about one hour. A steady state does 
first 15 to 20 


(Fig. 1) and is also very unlikely to exist 


not exist in the minutes 
shortly before awakening from the anes 
thesia. Thus, one is dealing with a relatively 
short period (between 20 and 40 minutes 
following the injection) of steady state 
Laryngospasm was encountered rather fre 
quently with this anesthetic. 

Paraldehyde: Here the situation is some- 
what different. This drug is not a_bar- 
biturate, and laryngospasm was rarely seen 
By the time 30 minutes after gastric intuba 
tion had elapsed, all rabbits were in a long 
lasting (eight hours), quiet, deep narcosis 
As will be seen from Figure 2, the I, O. P 
remains relatively constant during the first 
hour; i. e., fluctuations of tension were less 
than 2.0 mm. Hg. 

Topical Anesthesia (without general an 


esthesia): In spite of some of the obvious 
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Fig. 2 


disadvantages of yeneral anesthesia, the 


study of aqueous humor dynamics without 
general anesthesia is also fraught with cer- 
tain hazards. If the animal is excited, it is 
not only extremely difficult to obtain reliable 
tonographic and tonometric measurements 
but in addition the dynamics of the aqueous 
humor per se may be altered. Careful wrap- 
ping of the animal in a towel and the avoid 
ance of sudden, jerky movements in handling 
the animal, together with the avoidance of 
any painful stimuli, are necessary for suc 
cessful tonography without general anes 
thesia 
Intraocular Pressure: As can be seen 
Tables 1 and 3, the 
I’, under pentobarbital and paralde 
the 


found with topical anesthesia alone 


irom and 
€) 


hyde 


Figure 


anesthesia is lower than values 
Under 
pentobarbital the [. O. P. fell during the first 
15 to 20 minutes. In a separate group of 10 
rabbits tested both under general and with 
out general anesthesia, the mean ratio of 
|. O. P. for pentobarbital sodium-no gen- 
eral anesthesia was 0.8550.058. This dif 
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45 52 55 


MINUTES 


Mean intraocular pressures during paraldehyde anesthesia in 10 rabbit 


0.03 ) 


under paraldeliyde was also 


ference is statistically significant ( p< 
2, 
found to be lower than the values obtained 
without general anesthesia. The mean ratio 
was 0.890+:0.047 (p<0.05) 

(P.) \s 
, under pentobarbital 
the that 
under paraldehyde anesthesia. The values 


Episcleral Venous Pressure 
shown in Table 5, the ? 


anesthesia is essentially same as 


obtained are in close agreement with those 
reported by Seidel '* in rabbits without gen 
eral anesthesia. His figure was an average 


iZ 


of 9.0 mm. Hg. Linnér 


of 8.97+0.17 


reported the value 


mm. in rabbits under 
pentobarbital sodium anesthesia 
Ocular Rigidity (K) 


sults of a comparison of the ocular rigidity 


In Table 5 the re 


under general anesthesia and that without 
general anesthesia are presented in the form 
of mean ratios of ocular rigidities for pento 
barbital-no general anesthesia and paralde 
hyde-no general anesthesia, respectively. As 
can be seen, these ratios are not significantly 
Therefore, neither of 


different from unity 


26.0 
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260 

250 

240 
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these two anesthetics has a significant ettect 


on ocular rigidity 

Kate of Aqueous As shown 
in Table 4, aqueous tlow with general anes 
thesia is essentially the same as that without 
veneral anesthesia This appeared true 
whether flow was estimated by means of 
tonography or by fluorescein-appearance 
time (relative flow ) 

Coefficient of Facility of Outflow (C) 
The most striking finding of the data re 
ported here is an increase of © under pento 
barbital and paraldehyde anesthesia as 
compared with values obtained without an 
esthesia. From Table 2 it 1s apparent that 
in the same group of animals, ..hen values 
for the same eyes under general anesthesia 
ire compared with values obtained without 
veneral anesthesia, the C is found to be larget 
vith general anesthesia. The mean of the 
ratio pentobarbital sodium-no general anes 
thesia is 1.39+0.12, which is significantly 
greater than unity (p=0.02). For paralde 
hyde-no general anesthesia the ratio 1s 
1.23+0.09 (p<0.05). The data are insufh 
cient to determine whether the difference 
hetween pentobarbital sodium and paralde 
hyde anesthesia is significant 

This is not the first time that it has been 
shown that the coefficient of the facility of 
outflow (or the resistance to aqueous out 
flow) was not a. stable or fixed entity 
Grant,'* Prijot and Weekers,’? and Becker 
and Friedenwald '* reported that pilo 
carpine increased the C. Barany and Scotch 
brook '® were able to show that the resistance 
to outflow could be reduced by the enzyme 
hyaluronidase. Hoover demonstrated that 
the © changed with pregnancy and during 
the menstrual cycle, and recently Kornbluth 
and Linnér' showed that in rabbits C de 
creased after carotid artery ligation 

This study casts no light on the physiolog 
ical mechanism by which the general anes 
thetics influence facility of aqueous outflow 
However, most of the pharmacological 
effects of barbiturates and paraldehyde are 

t Hoover, R. | Personal communication to the 
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considered the results of centrally located 
actions of these drugs. The assumption ts 
therefore strong that the eflect on aqueous 
outtlow is also via the central or the auto 
nomic nervous system. .\ corollary to this 
assumption Is that the central control ot 
intraocular pressure operates at least in part 
through control of — the aqueous outtlow 


mechanism 


SUMMARY AND CONCLUSIONS 


Factors concerned in the dynamics of the 
aqueous humor in rabbits were studied under 
(1) pentobarbital (Nembutal) sodium anes 
thesia, (2) paraldehyde anesthesia, and (3) 
without general anesthesia 

Under the general anesthetics used there 
was a fall in intraocular pressure associated 
with an increased facility of outflow of 
aqueous humor. This effect tended to be 


ler pentobarbital sodium 


more marked un 
anesthesia, barbiturate No measurable 
changes occurred in the rate of aqueous 
flow, in ocular rigidity, or in- episcleral 
venous pressure 

When studies on aqueous dynamics, re 
quiring steady-state conditions, are carried 
out under general anesthesia, special pre 
cautions as to timing are necessary to mnsure 


that conditions of steady state exist 


Dr. Jonas S. Friedenwald gave advice and criti 
cism. Dr. knik Linnér made the determinations ot 
episcleral venous pressure 

Wilmer Ophthalmological Institute (Dr. Stone 

Clinique Ophthalmologique, Université de Liége 
(Dr, Prijot) 
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R. P. DHANDA, M.B., M.S., D.O., Indore, India 


An extinguished electroretinogram in cases 
of retinitis pigmentosa has been demonstrated 
Prof. G. 
Riggs (1954) and Armington and Schwab 


by Karpe, of Sweden. Lorrin A. 
(1954) have reported similar electroretino- 
graphic responses in cases of congenital night 
blindness and retinitis pigmentosa. 

This paper deals with yet another form of 
night blindness and its effects on the human 
As is 


adequate vitamin A 


known, 
the 
mainly responsible for the normal functioning 


well 
in 


electroretinogram. an 


level blood is 
capacity of the rods. Similarly, the scotopic 
electroretinographic tracing represents the 
the rods. A 
relationship may thus exist between the clini- 


electrical response of direct 


cal manifestations of vitamin A deficiency 
and the electroretinogram. 

The height of the b-wave of an electro 
retinogram of a dark-adapted eye represents 
directly the functioning capacity of the rods 
and indirectly the grade of vitamin A defi- 
ciency in the blood. This paper indicates the 
relationship between (1) clinical manifesta- 
tions of vitamin A deficiency, (2) the vita- 
min A level in the blood, and (3) the electri- 
cal response of a dark-adapted retina. 


PRESENT INVESTIGATION 


The present investigation is based on the 
following fundamental facts: 

An adequate supply of vitamin A is essen- 
tial for the normal functioning of rods. The 
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chemical and pliysical changes that take place 
in the rods when stimulated are consequently 
dependent on proper supply of nutrition 
Stimulation of the retina by light results in 
the development of electric potential at the 
level of its cellular elements. Therefore, the 
electrical response of the retina of a dark 
adapted eye will be materially affected if the 
nutrition and function of the rods are appre 
ciably diminished. 

The purpose of these investigations, there 
fore, has been (1) to record the action poten 
tial of the retina in normal Indians; (2) to 
study the variations in the electrical response 
in subjects with vitamin A deficiency, e. g., 
patients suffering from xerosis alone and 
from xerosis with night blindness, and (3) 
to study the effect of administration of vita 
min A on the clinical and electrical pheno 
mena in these deficiency states. 

Metnop For CLINICAL RecorpInG oF 
LECTRORETINOGRAM 
The method this 
exactly the same as that used by Professor Karpe, 
of that the 
amplifier used here has a sensitivity in which 1 mv 


equaling 2 
in the case of Professor Karpe’s amplifier 


1 shows a subject prepared for 


adopted in investigation is 


Sweden, with one exception, 1 €, 


equals 1 cm., instead of 1 mv cm, as 
figure 
the investigation 
and the apparatus used 

The 
is 8&0 


each eye is 


flash 
meter 


standard illumination of a stimulus 


measured with a lux before 


studied 


luxes, 
The stimulus lasts one-fourth 
second; the machine used is the Sanborn electro- 
cardiograph machine, and stimuli are repeated at 
of 15 
operation of the patient, 12-15 tracings are recorded 
A fasting 
morning, 


intervals seconds. Depending upon the co 
for Cat h eye 


the 


ample of blood is collected 
content is 
analyzed by the antimony trichloride method on a 


same and its vitamin A 


Lumetron photoelectric colorimeter 


big. 2 


patients are given massive vitamin in 
jections (Unichem Laboratory, India) every 1 urth 


day I. M 


electroretinographi 


clinical improvement is noted, and 


examinations are repeated at 


intervals 
KESULTS 

Electroretinogram in Normal Adults \n 
electroretinogram could be obtained from 35 
eyes of 22 persons past the age of 15 years, 
although cooperation varied ilectroretino 
grams of 19 eyes of 11 persons were taken 
for normal averages because the patients 
were absolutely steady and the height of the 
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Normal electroretinmogram 


h-wave could be unmistakably and accurately 
measured 

Phe average b-potential of 19 eyes of 11 
adults 0.32 mv. and a typical 


Indian was 


electroretinogram of a medical student. 1s 


shown in Figure 2 


\ curious feature noted has been the vary 
ing types of extraneous electric potentials 
immediately following the b-wave in the less 
ach 


ject has his own type of disturbance, which 


cooperative patients individual sub 


remains the same after each flash stimulus 


a: 


id 
06 
a 
4 
/ 
Fig. 1.—Photograph showing subject prepared for investigation and the apparatus used 
—_— 
4 
5 
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In igure 3 is illustrated a few disturbances 
observed among the patients ol low-standard 
cooperation 


I’stimation of the vitamin A level of the 


plasma was done in 12 cases. The results 
are an average of 150 1. U. per 100 ce. ot 
plasma, with a maximum of 194 1. U. in one 


in another 
Vormal Children 


These subjects were studied in two groups 


(1) children 


case and a minimum of 103 I. | 


Electroretinogram im 
and 15 


hetween the ages of 7 


Fig. 3 lectroretinograms 
Leit, the negative 
the height of the b-wave 


showing 
middle, the positive 
can be accurately 


type; 


hig. 4.—Left (049 myvy.), before anesthesia 
anesthesia; right (0.40 mv.), during stage of 
Note the broad-based ERG taken with the 


a usual feature of the ERG 


is practically unchanged 


bserved a>» 


vears, and (2) children below the ape of 


7 years 
Between Ages of 7 and 15 Years: An elec 


troretinogram could be recorded in a very 
large percentage of children past the age of 
7 years without a general anesthesia. Twenty 
six eyes of normal children of all grades of 
social and economic status were studied, but 
the results for children with very good co 
operation are taken for averages. The aver- 


age h-potential of 11 eves of & children be 


extra 
type 
measured in each case 


potentials 


b my. 


vith general anesthesia, 


tween the ages of 7 and 15 vears was 0.3] 


mv., With an average vitamin -\ 


39 1.U per LOO c¢ 


mum of 96 1. | 


content ot 
of plasma, with a maxi 
Janda minimum of &.5 U 
Years 


and the 


Below the Age of 7 (jeneral anes 


thesia was necessary average b 


potential of eight eves of six children below 


the age of 7 vears 


was 0.26 mv., with an 


average vitamin 


100 


content of 26 1. | per 


immediately 
and, right, the 


following the b-wave 


reduplhy ation type that 


C« mv. 


middle (0.375 my.), patient under general 
recovery 
patient under general anesthesia. This has been 


but the height of the b potential 


In Figure 41s shown an electroretinogram 
recorded without and one with general anes 
thesia in an 11-year-old child 


l:lectroretinograms in Cases of Clinteal 
Vanifestations of Vitamin A Deficienc 


XNerosis 


adults was made, and 


\n investigation of 56 eyes of 36 


39 eves of 27 children 


were similarly examined. [lere, again, the 


same procedure of giving general anesthesia 
the age of 7 years wa 


to children below 


adopted 
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The average b-potential for 16 eyes of 11 
adults with very good cooperation and xerotic 
patches of more than 3 mm. in diameter was 
0.290 mvy., the average vitamin A content of 
8 of these persons being 103 I. U. per 100 ce. 
of plasma, with a maximum of 185 I. U. and 
arunmmum of 10 1. U., per 100 ce. 

‘The average b-potential of nine eyes of six 
children above the age of 7 years, again with 
the same grade of xerosis, was 0.24 mv., the 


a. b. 


Fig. 5.—Left, Miss V. B., aged 17 years; 
0.25 mv.; no night blindness. Middle, 
vitamin A content 136 1. U. per 100 ex 
29 years; 
no night blindness 


Fig. 6.—Left, N., 12 years old; 


plasma 


average vitamin A content being 32 I. U. per 
100 ce. of plasma. 

Under the age of 7 years, 16 eyes of 11 
children under general anesthesia were ex- 
amined, Of these children, the electroretino- 
gram was completely extinguished in five 
The average b-potential of the other six chil- 
dren was 0.18 mv. The average vitamin A 
content for this age group was 20 |. U. per 
100 ce. of plasma. 

Figure 5 illustrates three cases of xerosis 
of long duration in adults in whom neither 
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xerosis 34-; b-potential 0.23 mv 
A., 2% years old; xerosis 1+; b-potential 0.35 mv.; vitamin A content 53 [. | per 
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the electroretinogram nor the vitamin A 
content of the blood was materially altered. 

ligure 6 shows the electroretinogram of 
two children with xerosis alone. 

Night Blindness: Night blindness due to 
vitamin A deficiency is comparatively less 
the adult 
persons were examined, all of whom had 


common in age groups. Eleven 


clinically apparent patches of xerosis over 
the conjunctiva and complained of night 


xerosis 2+4-, of five years’ duration; b-potential, 

S. Z., agec 
of plasma; 

xerosis 2+4-; b-potential 0.275 mv.; vitamin A conterat 130 I. U. per 


24 years; 
no night blindness 


xerosis 24+; b-potential 0.30 mv.; 
Right, Mrs. C. M., aged 
100 c« plasma ; 


; no night blindness. Right, 
100 cc. of 


than two months’ 


duration. Of the 19 eyes of these patients, 


blindness of not more 
the electroretinogram was completely extin- 
guished in 13; 5 eyes had a potential of less 
than 0.05 mvy., and only one eye had a poten- 
tial of 0.125 mv. 

Among the children, night blindness asso- 
with very 
clinical feature. Xerosis may last for years 


ciated xerosis was a common 
in adults, without night blindness, but most 
of the children with xerosis, if untreated, 


very soon develop night blindness. 


= wi 
' 

| 

= 
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Electroretinograms and Vitamin A Levels m N 


VY erosts 


wmal Persons and 


With and Without Night Blindness 


Normal adults (cooperation more) 


Normal children 


Above 7 yr. (cooperation +++ or more) 


Below yr. (general anesthesia) 


Xerosis adults (cooperation + + or more) 
Xerosls children 


Above 7 y 


Selow 7 


Xerosis with night blindness in adults 


Xerosia with night blindness in children 


Above 


selow 


Mr k aged : 
fundi me 


blindness 


l ett 
(media and 


night 


rmal ; 
lor 


nearly 
years; xerosis wit! 
fundi normal ) 
Below: Left: B 
mv. Right, K 
extinguished; vitamin A 12 1. U 


xeros! 
44 
100 ex 


5 
aged year 
xerosis 


per 


year with 


aged 


In all 10 eves of six children above the aye 


of 7 years the electroretinogram was com 


pletely extinguished except for three, with 


b-potentials of 0.065, 0.058, and 0.10 mv 
Jelow the age of 7 years, of 30 eyes inves 


tigated, the electroretinogram was completely 


visio! ) 
two 


ight blindness 
night | 


of plasma 


with 


Vitamin A Estimation 
in Blood 
Rlectrorétinography 


patients 
Heyes of 

patietts 
16 eyes of 


patients 


jeves of 

6 patients 
Heyes of 0.18 
6 patients 

eves of All but 

patients extinguished 


All but 3 
extinguished 
All but 
extinguished 


ll eyes of 


patients 


wit! 
wi 


Kight 


potential OO 


for two month b-potential 0.05 
for 15 days; ERG 


completely 


indne 
extinguished in all but 3, the b-potential of 
3 being also below 0.05 my 

The average vitamin A content of 14 chil- 


8 i, U 100) child 


B.), 10 years of age, with xerosis with 


these 
dren one 
(D 
night blindness, having presenting no vita- 
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‘ 
\ 
No. ot kyes Average Vitamio A, 
and Patients Potential No. af 1 100 Ce 
Clinical Condition Studied Cases of Plasma 
patients 
eyes of 0.31 ” 
0.29 103 
8 20 
3 a3 
67 Wreyes of 6 15 
4 patients 
4 
Hill} 
t 
+ 
Hi 
big. 7 Above 44. ERG 
mv. (media and 


min A content in the blood, as shown by 
chemical analysis. 

The above averages are presented in the 
accompanying ‘Table 

higure 7 presents electroretinograms re- 
corded in cases of xerosis with night blind- 
ness In various age groups. 


COMMENT 


Nerosis.-\t is apparent from the above 
observations that xerosis behaves differently 
in adults and in children. For example, 
xerosis in one case had existed for 15 years 
without causing any defect in night vision, 
and the patient came to the hospital for cos 
metic reasons only. Again, in the case of 


Miss V. B., 


heen known to exist for five years; yet 


xerotic patches in both eyes had 
she 
had b-potentials of 0.257 and 0.236 my. in 
the two eyes. Again, in another case, age 41, 
the patient had a very large xerotic patch, 
The 
patient had observed them for over two years, 
and yet the b-potentials were 0.387 and 0.330 


which | have graded 3-+-, in each eye 


? 


mv. In a fourth case (B. L..) with double 


bilateral xerotic patches for three to four 
years, the b-potentials were 0.39 and 0.4 my., 
respec tively 

Sinularly, there were three cases of xerosis 
graded 2-4 or more with vitamin A contents 
130, and 185 |. U per 100 ec. of 
plasma. It that 


existed in the conjunctiva of adults of upper 


ol 125, 
was also observed XeTOSIS 


economic status, where not only the food 


factor is satisfactory but the general cendi 
tion is also above the average. Clinical mal 
nutrition in adults with xerosis 1s not a com 
feature 


mon Response to treatment is also 


very poor, «. g., xerosis had been known to 
exist for years, even though the patient had 
OO massive injections of vitamin A over a 
period of nine months. The electroretinogram 
remained unaltered 


In the case of children, the observations 


were obviously different. XNerosis usually 
existed less than six months before the child 
attended the hospital. Again, in most of the 
children who come with xerosts clinical mal 


nutrition is quite apparent, and the children 
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usually belong to a poor class of society In 
a good percentage of cases xerosis has fol- 
lowed a gastrointestinal upset. This xerosis 
either very soon disappears, with the im- 
provement of the general condition, or, if 
Not 


only does the b potential tend to be subnor- 


untreated, soon leads to night blindness 


mal, but it was found completely extinguished 
in 5 out of the 27 cases, even though there 
was no night blindness. It may be that these 
cases were Lorderline, which if left untreated 
would very soon have developed night blind 
ness. 

Response to treatment is also rapid in 
children, large xerotic patches having disap 
peared with an average of six massive injec 
tions of vitamin \ I. M., given every fourth 
day 

Night Blindness 


dren below the age 


\s stated above, chil 
of 15 years are particu- 
larly prone to develop night blindness as a 
result of vitamin A deficiency. This observa- 
tion is borne out by the large number of out- 
patients brought to the Ophthalmic Hospital, 
Indore, with a history of night blindness 
Most of them are usually ill-nourished and 
are of a poor economic status, and they re 
spond to treatment with vitamin A 

\gain, in general, either the electroretino 
yram was extinguished or the b-potential was 
extremely small. Treatment of these children 


resulted in rapid disappearance of night 


blindness, but the electroretinogram was 


comparatively slower returning, while 
xerouic pate hes took still longer to disappear 
As expected, the treatment in children was 
much more rapidly effective, both with re 
gard to clinical symptoms and to the return 
of the normal electroretinogram 

Contrary to the observations in children, 
night blindness is not a common feature of 
vitamin \ deficiency in adults, only 12 cases 
have been seen over a period of nearly two 
years out of thousands of outpatients at the 
Ophthalmic Hospital, Indore. In these cases 
night blindness was of an acquired nature, 
and other causes of night blindness had been 


definitely excluded. 
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Fig. 8—Above: R. K., 
extinguished before treatment (Oct. 13, 1954) 
b-potential now improved to 0.035 my 
9, 1954) 

tJelow: D. R., aged 6 years; 
Left, ERG before treatment completely 
I. | per 100 cc. of plasma Right, ERG 
blindness practically disappeared 
21 | I per 100 cx 


KeTOS! 


30, 1954) 


of plasma (Nov 


Figure & presents the electroretinograms 
of the follow-up cases 


GENERAL COMMENT 


Some observations deserve a more detailed 
discussion, 

A normal electroretinogram in xerosis in 
adults, so long as it is xerosis alone, is a 
very The 
further heightened by a nearly, if not com 
the 


question 


interesting finding. interest 1S 
pletely, normal vitamin A 
blood. This 


whether primary xerosis, 


content of 
raises the pertinent 
in the absence of 
any other cause in the conjunctiva, is a direct 
result of vitamin A deficiency or whether it 
is an indirect manifestation. This mystery is 
heightened by the poor response of xerotic 
patches to vitamin \ administration in adults 
Whatever relation exists between vitamin A 
the 


existence of xerosis in children, who if un 


content and xerosis is indicated only by 
treated very soon develop night blindness 
The only conclusion that can be drawn from 


the observations and investigation of a very 


aged 18: night blindness of nine day 
Vitamin 
Right, ERG after five massive injections of vitamin A |. M 
vitamin A content 20 1. U. per 


with ny 
extinguished 
alter 
b-potential improved to 


Left, ERG completely 
per 100 cc. of plasma 


Night blindness nearly disappeared ; 
100 ce, of plasma (Nov 


duration 
A content 16 1, 


duration 
content 5 
\. Night 

content 


blindness of one month's 
(Nov. 9, 1954); vitamin A 
even massive injections of vitamin 
0.030 mv., and vitamin A 


large Humber of cases with xerosis leads one 
to conclude that xerosis 1s not a direct mani- 
\ deficiency, but is the 


ome indirect or allied cause which 


festation of vitamin 
result of 
has 


content of the 


association with the vitamin A 
blood. What that 
cannot be deduced from these investigations, 
but a field for 


a close 


factor is 


it certainly opens up further 


research 


\n extinguished electroretinogram in cases 


of night blindness due to vitamin A deficiency 


has been demonstrated for the first time dur 


ing these investigation Professor Karpe * 


has only casually referred to the observation 


of an extinguished electroretinogram in a 


single experimental case of malnutrition 


These investigations have conclusively proved 


that the onset of clinical manifestations of 


night blindness due to vitamin A deficiency 
is a deciding factor as to how the electro 
affected. The 


suddenly extinguished as soon 


retinogram will be electro 
retinogram 1 

*Karpe, G 


author 


Personal communication the 


. 


as the vitamin A content of blood falls to a 


level that causes clinical manifestation of 


night blindness 
These observations indicate that so lony as 
has the 
content of the blood at a fairly 


a person only xerosis, not only is 


vitamin A 
normal level but his electroretinogram also 
remains unaffected; as soon as he develops 
night blindne however, the electroretino 


gram is completely extinguished and_ the 


vitamin A of the blood falls to a minimum 
level 
Another 


ion 1s the increased sensitivity of children to 


observation that deserves discus 
It is obvious from the 
the 


content of normal children below the age 


vitamin A deficiency. 


foregoing observation that vitamin A 
of 
of a much lower order than that 


more probably to a bigger demand during 


15 years is 
of adult may be due to a lower intake, 
the developing stages of life. ‘This also prob 
ably explains the greater frequency of night 


\ defi 


the demand being 


blindness in children due to vitamin 
ciency, whereas in adults, 
much less, the vitamin A content of the blood 
does not fall to a level low enough to cause 


night blindnes 


Again, the finding of an extinguished elec 


troretinogram in five cases of xerosis alone 
in children below the age of 7 years suggests 
that had 


\ content and would 


these children reached a critical 


stage of vitamin very 


soon have developed might blindness if left 


‘| he 


vitamin A content in one of 


and the general tinding of lower vita 


untreated 


these cases was only 


his, 


per 


\ content in children, accounts for the 
yvreater sensitiveness of children to vitamin A 
deficiency and explains why most of them 
very soon develop night blindness. 

\ level in the blood 


must, obviously, be extremely 


The minimum vitamin 
low because 
cases have been observed in which the vita 
SO 


\ content had fallen to as low as 


100 ex 


min 
retinogram remained normal and night blind- 
of 


blindness not only was the vitamin A content 
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of plasma and yet the electro 


ness never developed. In cases night 
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invariably low but the electroretinogram was 
also extinguished. The observations regard- 
ing the vitamin A estimation are made with 
reservations, and with full realization of the 
that 


vitamin 


fact chemical analysis of plasma for 


\ gives variable results. The value 


attached to the chemical analysis during these 
investigations is a relative one, but is con- 
sidered of value, because in all cases analysis 


was done under similar circumstances, in 


that blood collected was on a fasting stomach 


and was analyzed within three hours of its 


collection, and the chemical method adopted, 
as well as the photoelectrocolorimeter used, 
was the same during the whole period of the 
work 


Incidentally, these investigations throw an 


interesting light on the pathogenesis of night 


blindness and its association with the extin 


yuished electroretinogram. The degeneration 


of the retina as a whole in retinitis pigmen- 


tosa, resulting in an extinguished electro 


retinogram, 1s not difficult to understand 


\ hypothesis put forward by Riggs, in his 


paper on ele troretinography in cases of night 
blindness due to retinitis pigmentosa or in 
cases of congenital origin, suggests the exis 
mode of 


tence of “holes in the retina” as the 


an extinction of the electroretinogram in 


these cases. Obviouslv, observations set forth 
in this paper prove that this hypothesis is 
sarily correct 


not nece \s is shown by this 


investigation, an electroretinogram be 
the 


structurally normal, and only 


completely extinguished even though 
retina may be 
affected, as in the case of vita 


That 


necessary 


functionally 


min A deficiency structural changes 


in the retina are in order for an 
electroretinogram to be extinguished is also 
disproved by the observation that a retina 
which has lost its electric response completely 
may regain it fully with treatment with vita 
min A. This leads to the conclusion that no 
organic change is necessary for the electro- 
retinogram to be extinguished and proves 
that the 


functioning capacity of the retina, rather than 


an electroretinogram represents 


being related to its structural morphology. 


A 
= 
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SUMMARY 


1. An electroretinogram can be success 
fully recorded in most of the human subjects 
above the age of 7 years, while general anes 
thesia is usually necessary below that age 

normal Indian 


_and that of a child between 


2. The h-potential ot a 

adult is 0.32 my 
the ages of 7 and 15 years is 0.31 my., and 
that below the age of 7 years, 0.26 mv. 
3. The electroretinogram remains normal 
so long as the patient suffers from xerosis 
alone and the vitamin A content of the blood 
is above the minimum threshold level 

$4. The 
extinguished as soon 
leads to the 
and the 


electroretinogram is completely 
\ defi 


night 


falls 


as the vitamin 


ciency manitestation of 
vitamin content 


hold level 


5. The absolute minimum 


blindness 
below the minimum thre 
vitamin A re 
quirement in human beings must be of a very 
threshold is in 
2) I. U./100 ce. of 


plasma in « hildre n he low 15 years of age and 


low order The vitamin A 


the neighborhood of 


a little higher in adults 
6, Children are much more susceptible to 


vitamin A deficiency than are adults and 


develop night blindness, as well as lose the 
electrical response in the retina, much more 
rapidly than adults 

blindness as a 


7. Night manifestation of 


vitamin A deficiency is much more frequent 


in children than in adults 


8. Children respond to treatment: much 
more rapidly than adults 


CONCLI 


1. Nerosis is an 
vitamin .\ deficiency rather than a direct one 
2. Night 
vitamin 
the 


enough to lead to an extinguished electric 


SIONS 


indirect manitestation ot 


blindness is a direct result of 
\ deticiency 

functional defect ot retina 1s 
response, and pathologie al and structural 
change is not a necessity 


4. A\n 


a revert sible phe nomenon 


extinguished eleetroretinogram 1s 


The Indian Counes f Medical Research was 
responsible for the initiation of clectroretinography 
in India. The Principal, Dr. B. C. Bose, and Prof 
S. K. Mukerjee, Head of the Department ot Medi 
cine Mahatma (sandhi Meme rial Medical College 
Indore, allowed me free access to the cardiograph 

Mahatma Gand! Memorial Medical ¢ lepe 
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in Kats by 
1,4- Dimethanesulfonoxybutane ( Myleran ) 


CYRIL SOLOMON, M.D. 

AMOS E. LIGHT, M.A. 

and 

E. J. DE BEER, Ph.D., Tuckahoe, N. Y. 


Haddow and Timmis,' in the course of 
preparation of a series of sulfonic acid com 
pounds, found only the sulfonic acid esters 
active in inhibiting the growth of certain 
tumors in animals, One ester in particular, 
1,4-dimethanesulfonoxybutane, showed in 
tense inhibition of the growth of Walker rat 
carcinoma No, 256 and a depressant action 
on circulating neutrophiles in rats. Clinical 
trials by Galton,* Galton and Till? Wintrobe 
and associates,* and Petrakis and associates ° 
have shown this drug to be of definite value 
in the treatment of chronic myeloid leukemia 
in humans 

During chronic toxicity tests on Myleran, 
cataracts were observed in the rats receiving 
relatively large amounts of the drug as com 
pared with the therapeutic doses given hu 
mans. Certain aspects of these studies are 
described in the following report 
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Supplied as srand 
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EXPERIMENTAL PROCEDURE 


(Carworth Farms), 
in weight, were fed ground Purina Fox 


(with meat diets 


Growing male albino 
45-60 gm 


Chow 


rats 


meal ) 
Myleran 


cally examined for cataract formation, along with 


containing various 


dose levels of The animals were periodi 


other physiological changes. Autopsies were pet 


formed, and tissue sections were obtained at ap 


propriate times 
RESULTS 
Doses than 20 M yleran 


per kilogram of diet caused death before 


yreater mg. of 


cataract formation. Doses less than 7.5 mg. 
per kilogram had no effect, even after 26 
weeks. As shown in the accompanying Table, 


the doses between these limits did produce 


opacities in the rat’s eyes, the time of ap 


pearance having 
the dose 


an inverse relationship to 


In other experiments it was found that 
cataracts once formed were irreversible, since 
re-alimentation on a drug-free control diet 
for periods up to eight weeks did not alleviate 
the condition, Likewise, various nutritional 
and chemical supplements, so far used, have 


had no inhibiting effect on the opacity forma- 


Cataract Formation in Relation to Dose of Myleran 
(10 Rats per Group) 


Drug 
Intake, 
M«./Kg. 
M-Day 
Wt./Day 


Dose of 

Myleran \verage 

Me. Ke Survival, 
Days 


Cataract 
Appearance 
in Rates 


{after 4 days 
(7 died) 

nal 4 after 63 days 0.89 
4 after 70 daya 0.54 


eal 2 after 77 daya 0.35 


| 
75 
New York 
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INDUCED CATARACT 
tion. These studies are being reported 
separate communication 

Blood sugar determinations in rats receiv 
ing doses of 10 mg. of Myleran per kilogram 
of diet revealed that the values were signifi 
15% above 


cantly (t<=-5.5) elevated about 


the usual average level of 106.2 mg per 
100 ce. of blood found in the control animals 
However, this increased level is not great 
enough to be the cause of cataract production 
as postulated by the criteria of Patterson." 
The earliest pathological changes appeared 
to be a marked increase in the mitosis of the 
lens epithelium, especially at the equatorial 
portion. This was followed by vacuolation in 
the subcapsular cortex, anteriorly, and peri 
nuclear vacuolation. Finally, diffuse feathery 


opacities were found the subcapsular 


cortex, anteriorly and posteriorly, as well 


as in the perinuclear region 


COMMENT 


\lthough the value of Myleran has been 


definitely established in the treatment of 
chronic myeloid leukemia, its mode of action 
is speculative. Bergel’? considers it as a 
nological alkylating agent which reacts with 
certain cellular constituents in the cytoplasm 
or nucleus of cells. This alkylation in pro 
teins 


ated 


undissoct 


may occur at the terminal 
NH» groups and dissociated 
groups and in the histidine moiety. The site 
of action in the nucleic acids may include 
the phosphate portion and the amino groups 
of the purines and pyrimidines 

In general, cataract may be considered as 
a loss of transparency in the lens of the eye 
due to altered phy siochemical processes The 
either a 


disturbance in the lens structure is 


swelling opacity, which is reversible, or a 
coagulation opacity, which is irreversible 
Cataracts have been produced in animals by 
endocrine disturbances, thallium, ergot, naph 
thalene, galac tose, dinitrophe nol, deficiencies 
of vitamins and amino acids, and radiation.* 


should 


be added to this list, since this alphatic com 


1 ,4-Dimethanesulfonoxybutane now 


pound, in gamma quantities, has now been 


found to produce cataracts in rats. Galactose. 


on. the 
a 30% 


other hand, is required to be at 
level in the diet for such action. It 
may be commented on here that even the 
lowest dose of Myleran per kilogram of body 
weight used to produce the rat cataracts is 
still 10 times the 


treatment of 


about dose used in the 


chronic myeloid leukemia in 
humans, Up to the present time no cataracts 
have been found in patients following the 
use of this drug. It also may be observed 
that the rats in the above experiments were 
voung and growing animals. Studies are 
being continued in an attempt to follow the 
development of the cataracts. Nutritional and 
chemical adjuncts are being tested for activ 
ity in preventing the opac ities 
that 


future studies of cataract formation 


It is hoped 


Myleran may prove to be useful in 

The changes in the lens epithelium of the 
rat found following the administration of 
critical amounts of the drug are similar to 
those seen in cataracts produced by irradia 
thon | lowever, the time needed at the dose 
levels described for the lens change is much 
shorter for the drug than for radiation. The 
latter usually requires many months to pro 
duce changes. Some similarity is not  un- 
expected, since Myleran, like the nitrogen 
with the 


which exhibit a number of 


mustards, 1s included so-called 
“radiomimetics,” 
comparable biological com- 
mon.* After 
curves and hematological responses in rats, 
that Myleran 


effect on the 


properties in 


intensive studies of growth 


has concluded has a 


specific radiomimetic myeloid 


tissues.’ “The changes in lens epithelium 


} 


may prove to be useful in the evaluation of 


radiation-like effects of other chemothera 


peutic drugs and radioisotopes 


UMMARKY 


The production of cataracts in rats by an 
aliphatic compound, 1,4-dimethanesulfonoxy- 
butane (Myleran ), 1s described 
Phe 


at the dose level 


cataracts appear to be irrever ible 


and, employed, could not 


be prevented by various nutritional and 


chemical adjunct: 


References 7 and 9 


| 

851 


The pathology of the cataracts produced 


by Myleran in doses some 10 times those 
used therapeutically resembles that of the 
opacities caused by irradiation. This effect 
supports the theory of the radiomimetic 
activity of Myleran 
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in the queous = 


oO the R Abit hydrocortisone acetate; dihydrocortisone, and tetra 


Small aliquots of the unples were 
i absolute methanol im concentrations of 
P 
per microliter and stored at & ¢ 


Solvents.—Toluene and propylene glycol, East 
HARRY GREEN, Ph.D. 
man Kodak products, were used without additional 
HENRY S. KROMAN, MS. 


treatment Absolute methanol and chlorotorm, 
and 


Malline} hie W ere 
IRVING H. LEOPOLD, M.D., Philadelphia 


lore use 

Filter paper, Whatman No, 1, cut into 17 42 

cm. sheets, was fashioned into four parallel limbs 

I~ 30 em. per sheet, attached to a common head 

In a previous investigation’ analysis of as described by Burton and co-worker 

chloroform extracts of aqueous humor from lue tetrazolium was purchased from the Nutri 
normal rabbit eves by the blue tetrazolium onal Biochemicals Corp. and prepared as a 0.2% 
method imdicated the presence of corticos ween an ixed with 2 vol. of 107 


NaQOu prior to tse 
teroids in quantities of the order of magni 


Chr atoqraphi [pparatus ylindrical Pyrex 
1-1.5y per milliliter. Since the blue in 


tude of 
tetrazolium method neither permits the iden 
tification of individual compounds in a mix 
ture nor specific only for oxidizable corti 
coids, the extracted aqueous humor was 
fractionated by paper partition chromatog 
raphy and analyzed for corticosteroids. The 
results of this investigation strongly indicate 
that at least part of the blue-tetrazolium 
positive material present in aqueous humor 


is hydrocortisone 


MATERIAI 
PROCEDURI 
| 


talline corticostero. 


rabbot 


(17 
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y 
| solvent troughs supported 18 im. trom the bottom 
| a stainle teel stand, and Pyrex ant n 
i vere used. A starch-glycerin paste provided a tight 
eal between the rar and the plate cover 
pectrophotometr \ Beckman spectrophotom 
eter Mode i ised to measure ibsorption 
pectra and optical detisity ol solution contained 
if 
quartz or gl microcuvetts if lo whit 
i path and total volume of about 1 ml 
Mineralight (Ultraviolet Product Cot 
i chromatogram under ultraviolet light 
2 The tollowing pu 
Ve donated b & mie Division of te verging 7 ere 
Merck & Compar 11-dehydrocorticosterone ed. The aqueous humor was removed from the 
(A); cort terone (B) 1] y-17 rox witerior chamber through a 26-gaupge needle a 
corti terone ( rtisone (1]1-dehydro-17 tuberculi rinve. as previo described.’ In the 
t ( ort ibsenece ofa gyro visible miiammation of 
mpound | rien i, the eye ere tapped tour to times at 
. 
interva ot hour lhe aqueou humor is 
Qss 
; mmediately mixed with chloroform and stored in 
4 Hospita the dark at unt ficient pool had ac 
n part by a cumulated, The pooled sample vere extracted four 
Institute of time vith vol. of chlorotorm. The pooled extract 
, ot the Na vas concentrated to a volume of 0.5 n inder the 
Public Healt! reduced pre ire ol a vacuum pump at a bath 
7 temperature of 45 ¢ The concentrated chloroform 
. 
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residue was applhed in 5#] portions to the middle of 


the limb of the paper, 20 em. from the bottom. A 


constant stream of warm air from a domestic hair 
dryer served to dry the applied spot, 1 em. in 
diameter, during the application. The filter paper 
had been previously washed with 95% ethanol for 
24 hours in a chromatographic jar by the descending 
technique, then air-dried, and impregnated by im 
mersion in propylene glycol, The excess solvent wa 
removed by pressing between two sheets of dry 
filter paper, as described by Pechet 


(hromatography was performed by the descend 
ing technique of Burton and co-workers.2 However 
only #0 ml. of toluene saturated with propylene 
glycol was used in the solvent trough, instead of 
the larger volume suggested by these authors 
Large sheets of filter paper impregnated with the 
developing mixture lined the inside of the cylinder 
oO as to achieve a constant saturated environment 
The overflow of the developing solvent was collected 
in suitable Pyrex vessels and stored for future in 


vestigation 


EXERIMENTAL STI 


DY 
Paper chromatography was carried out at room 
temperature, and no attempt was made to maintain 
a constant temperature during the course of the de 
velopment. In all cases samples of aqueous humor 
were compared with standard solutions of the ery 

talline corticosteroids run simultaneously the 
same chromatographic cylinder under identical con 
ditions. After completion of the chromatogram the 
paper was removed from the cylinder and dried in 
a gentle stream of warm air in the dark for from 
to 10 hour 
Phe following procedures were used for the detec 
tion and quantitative estimation of the spots on the 


chromatogram: 1. Examination under ultraviolet 


light. 2. Treatment with blue tetrazolium-NaOH 
reagent, by spraying or dipping. 3. Elution of the 
pot, located by (1) and (2), above, on a parallel 
chromatogram, with LO ml. of methanol for 20 
miinvute Phe absorption spectrum of the methanol 


olution was determined at between 220 and 260 mu 
4. Evaporation to dryness of the methanol solution 
used for ultraviolet: spectrophotometry under re 
duced pressure by means of a vacuum pump. The 
residue was treated with 1.0 ml. of concentrated 
ulturie acid and the absorption spectrum of the 


chromogen tormed was determined at from 220 to 


260 me. 4. Evaporation to dryness of the methanol 
olution used for ultraviolet pectrophotometry 
under reduced pressure by means of a vacuum 


pump. [he residue was treated with 1.0 ml. of con 


centrated sulturre acid and the absorption spectrum 
ot the chromogen tormed was determined at from 
220 1 10 ma, as previously described In each 


experiment controls of the reagents, as well as of 
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1ROHIVES OF OPHTHALMOLOG) 


the paper used for chromatography, were run simul 


taneously 
RESULTS 
Preliminary paper chromatography of the 
crystalline corti osteroids, followed by detec- 
tion of the spots with the blue tetrazolium 
NaOH! reagent, indicated that only hydro 
cortisone possessed mobility characteristics 


similar to those of a spot derived from aque 


ous humor over a period of from 5 to 72 


Fig. 1.—Forty-hour chromatogram of of 


hydrocortisone, the equivalent of 17 ml. of aqueous 
humor (chlorotorm extract), and a mixture of 3y¥ 


hydrocortisone and aqueous humor. ‘Temperature 
during the development, 31 { 


hours. Our attention was therefore directed 
to a comparison of the properties of the 
chromatogram of aqueous humor with those 
of hydrocortisone 

Volility and Intensity of ones igure 
lisa photograph of a typical 40-hour chro 
matogram of 3y of hydrocortisone, the equiv- 
alent of 17 ml. of aqueous humor and a 


mixture of hydrocortisone and aqueous 


1M 
. 
a 
= 
a 


AQUEOUS HUMOR CORTICOSTEROIDS 


humor, after having been dipped in the blue 


tetrazolium-NaQH reagent. It can be seen 


that the individual zones derived from hydro 


cortisone and aqueous humor have essen 


tially the same mobility, and that the mixture 
of the two gave only a single zone, whose 
position on the chromatogram ts the same 


* 


as that from the two constituents In addi- 
tion, the color intensities of the zones from 


the aqueous humor and hydrocortisone are 


250 240 
Wave Length mv 


Ultraviolet absorption indi 


uted trom the 
The 


hydrocorts 


Fie spectra. The 


vidual zones were ¢ chromatogram 
with 1.0 ml. ot n 
represent y ol 


circie thre 


ethanol line of clear circle 


one the line ot 


equivalent of 17 ml. of aqueou 
(chlorotorm extract), and tl line of | 
circle 7, a mx ydrocort 


ture ot one 


while 


Hire 


roughly equal the zone derived trom 


the mixture 1 intense than that from 


The slight difference in mobilities betw 
hydrocortisot 

in kigure 

temperatur 


the mobil 


dividual chromatogran 


have reported that 


| fluid the additi 


me gave hromatogran 


faster than those of the 


either Similar results were obtained 


one 
with chromatograms developed over 24 and 
72 hours. In general, the mobilities of the 


three individual zones were approximately) 


three-fourths and twice as fast, respectively, 
/ 


2 hours as those measured 


Phe 


fluorescence 


and 
40 hours 


characteristic 


after 24 
after individual zones showed 
when examined 
under ultraviolet light 

The 


chromatograms, located under 


Ultraviolet) Absorption Spectrum 
zones on the 
ultraviolet: light, were eluted with meth 
anol and measured spectrophotometri ally be 
tween 220 and 260 mp. The results in the 
form of absorption curves are given in Fig 
ure 2 and clearly show in all three cases the 
maximum at 


keto 


presence ol an absorption 
242 my, corresponding to the At-3 
group. Since the optical density of hydro 
cortisone at 242 mp can be shown to obey 
Beer's Law, at least for concentrations up to 
1Oy, it is apparent from the heights of the 
individual peaks that the zone derived from 


aqueou humor corre ponds to about 3y of 
In control experiments with 


that 


hydrocortisone 
recovery 


8O%, as 


hydrocortisone was found 


after elution was approximately 
measured by the optical density in the region 
also that 


of the zone from the mix 


ot the maximum It can seen 
the optical densit 
sum 


ture is about 75% of that given by the 


of the individual optical densities 

Sulfur loid 
he 
produced by — the 


Chromogen lhsorption 


Spectrum absorption curve of the 


chromogen individual 


with sulfuric acid 


obvious that all 


reaction 
It 


eluted zones alter 
igure 3 
with max 


\lso, 


curves 


three curve are 
240. 


identical in hape 


mia at 300) and 175 


close similarity in the heights ot 


the 


derived from hydrocortisone and aqueou 


humor avai indicate that 17 mil. ot pooled 


iwqueous humor contains approximately 3 
| | 


hydrocortisone 
the 
about equal to the 


It ilso apparent that 
mixture 


heights of 


height of curve given by the 


sum of the 
the individual curves 


developing sol 


The 


vent that dripped off the paper during the 


Overflow Solvent 
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mixed chromatogram did not vary more than 0.5 en fat) 
from cither of the Abe! 
on and co-workers with ex 
tracts of cerebrospina cortisone 
or whos 
mobilities were the reference 
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Optical Density 


& 
. 


220 240 260 2860 $00 420 34 


pha 
© 360 380 400 420 440 460 46C 500 520 


Wave Length mJ 


of the 
icdue 
line of 


of half 


hig. J.——-Absorption spectrum 
evaporated to dryne and the 
sents Jy of hydrocortisone ; the 


(chloroform extract ), and the 


re 


chromatography of the aqueous humor was 


collected and pooled. Chromatographic in 


vestigation of this material is in progress 


COMMENT 
Paper partition chromatography has been 
iden 
Al 
though the information derived from paper 
he 
sufficient to identify any one substance, the 
Zatfaroni 
both 


chromatography and spectrophotometry 


widely used as an analytical tool for the 


tification of a large variety of products 


chromatographic analysis alone may not 


systematic method developed by 


and co workers, embracing paper 


in 


sulfuric acid, permits identification of cor 


ticosteroids with confidence. The combined 


application of the two techniques, moreover, 


atfords a simple method of determining 


homogeneity of a sample 
The identification of hydrocortisone, Com 


pound I, as a constituent of the primary 


aqueous humor of the normal rabbit eve is 
based upon the following analytical criteria: 
(1) The chromatographic behavior of aque 
ous humor 72 hours is 


over a period of 


almost identical with that of a pure, crystal 
line 


856 


sample of §ydrocortisone, and a mixed 


ulturs 
treated with sulfuric 

olid circles, 
olid circles, 


The methanol eluate was 
acid. The line of clear circles repre 
the equivalent of 17 ml humor 


ture 


acid chromagen 


ol aqueous 


a mix ot 347 of hydrocortisone 


of the materials 


whose 


chromatogram two 
the 


same as that of both constituents : (2) ultra 


only one zone movement was 
violet light examination and reaction to blue 
tetrazolium were the same for all three indi- 
vidual zones; (3) the absorption curves of 
the eluted zone derived from aqueous humor 
hefore and after reaction with sulfurie acid 
were identical with the corresponding curves 


b the 


sone and a 


chromatograms of hydrocorti- 


muxture hydrocortisone and 


ol 
aqueous humor, From a comparison of the 
intensity of the purple diformazans produced 


tetrazolium-NaQHy 


reaction of the chromatograms with blue 


reavent, it 1s estimated 


that Sy of hydrocortisone is present in 17 ml 
hie 


ol primary aqueous humor of t rabbit eve 


17+ mil. ) 
Bush 


cortisone and corticosterone 


Kecently has reported that hydro 


are the predomi 
nant corticosteroid components present in the 


adrenal venous blood of the rabbit and that 


the ratio is 20:1 in favor of the latter. Since 


corticosterone has a faster mobility than does 


hydrocortisone, moving off the paper after 


17 hours, the chromatograms were deve loped 


jor only 5 hours. For this. time period 


i2 
1.0 
or \ 
0.6 
os 
o4 
02 
| 
= 
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AQUEOUS HUMOR CORTICOSTEROIDS 


crystalline hydrocortisone descended a dis- 
tance of about 2 cm. from the origin and 
corticosterone a distance of about 6 cm. The 
chromatogram from aqueous humor, how- 
ever, corresponded only to the position of 
hydrocortisone; no spot corresponding to 
that of corticosterone could be detected 
Since the blue tetrazolium spray method is 
capable of detecting as little as ly of a-keto 
steroids on paper chromatograms, it 1s rea 
sonable to conclude that even if aqueous 
humor contains corticosterone in quantities 
less than ly/17 ml., the ratio of the con 
centration (B:F) would be much less than 
1.0. The possibility that the acetate of 
corticosterone, rather than the free alcohol, 
may be present in the aqueous humor has 
not been evaluated, since a sample of corti 
costerone acetate was not available for com 
parison. In the absence of specific informa 
tion with regard to the running properties ot 
the acetate, which, it is known, is much 
faster than the free alcohol, the possible 
presence of the acetate in the overflow can 
not be excluded. This phase of the problem 
is now being investigated, This considera 
tion, however, does not apply to hydrocor 
tisone acetate, since the latter, if present in) 
the aqueous humor, in concentrations of 
ly/17 ml. or more, would have been detected 


in a 24-hour chromatogram. 
SUMMARY 


Con entrated ( hloroform extracts of 17 mil 
of aqueous humor from rabbit eyes were 


fractionated by the paper chromatographic 


technique of Zatfaroni and co-workers, 
using the toluene-propylene glycol system, 


and analyzed for corticosteroids, 


The following crystalline corticosteroids 


were used as primary standards for compari- 


son: 11l-dehydrocorticosterone (A) corti 
costerone 11-desoxy-17-hydrox ycorti- 
costerone (9); cortisone (11-dehydro 17- 


hvdroxveorticosterone ( ompound In) 


hydrocortisone 17-hydroxycorticosterone, 
Compound I’): hydrocortisone acetate; di 
hydrocortisone, and tetrahydrocortisone. 

Aqueous humor gave one single zone on 
the chromatogram after 5 to 72 hours, the 
running properties of which were identical 
with those of crystalline hydrocortisone, The 
zones were examined by ultraviolet light and 
by reaction with blue tetrazolium-NaOH 
reagent. 

lution of the chromatographic zone with 
methanol gave a solution whose ultraviolet 
spectrum showed a maximum of 242 ma, 
characteristic of the A*-3 keto group. 

The sulfuric acid chromagen spectrum of 
the eluted spot was practically identical in 
form and shape with that given by hydro- 
cortisone, 

rom a comparison of the intensity of the 
blue tetrazolium spots and the heights of the 
absorption maxima, it is estimated that about 
3y of hydrocortisone is present in 17 ml. of 
aqueous humor of rabbit eyes 

The overflow solvent of the chromatog- 


raphy from 24 to 72 hours is being analyzed. 
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with TFelty yndrome 


PAUL J. OSTRIKER, MD. 

MARILYN OSTRIKER, M.D. 

ond 

MORTIMER A. LASKY, M.D., Brooklyn 


This paper is a report of a case with seri 


ous ocular complications associated with 
Kelty's syndrome, a syndrome whose car- 
dinal triad of features consists of chronic 
rheumatoid arthritis, splenomegaly, and leu- 
copenia. A search of the literature fails to 
reveal any previous report of ocular findings 
with Felty’s syndrome, except for one 
brief reference. This reference ' concerned a 
case of Kelty's syndrome in which an eye was 
enucleated for endophthalmitis and in which, 
unfortunately, there was no pathologic study 
of the enucleated eye. We believe our case is 
unique in that a splenectomy was performed 
in the hope of saving an eye 


REPORT OF A CASI 


Hlistory.The patient, a 58-year-old white 
woman, with known rheumatoid arthritis for 16 
years, had been treated privately for several years 
for recurrent keratitis of undisclosed nature. She 
was admitted to the eye service of another hospital 
in August, 1953, with chief complaints of pain in 
the leit eye and lid swelling. On admission the left 
globe showed 4-4 superficial and deep injection, with 
marked chemosis and lid swelling, soft tension, hazy 
cornea, heavy aqueous flare, gross exudate in the 
anterior chamber, and posterior synechiae. Three 
days later a lesion of the sclera was noted supero 
nasally near the equator. There was a slough of the 
sclera and of the overlying conjunctiva, with the 
blue color of the underlying choroid showing 


through. The eye responded well to treatment with 
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mydriati and local and ystemic cortisone, and in 
about two weeks the scleral crater was completely 
filled and the sclera glistening white Ihe cornea 
cleared, and the iridocyclitis subsided. She was dis 
charged and had no further ocular complaints until 
even months later 

In May, 
logical Service of the Jewish Hospital of Brooklyn 


with redness, pain, and loss of vision in the left 


1954, she was admitted to the ¢ Iphthalmo 


eye for one week. On general examination the pa 
tient appeared emaciated, pale, and chronically ill 
She had a markedly enlarged spleen, with wide 
spread typical rheumatoid arthritic involvement ot 
her joints. The peripheral blood count and dif 
ferential cell count showed a marked leucopenia 
(WEBC's ranged from 1300/cu. mm. to 2000/cu 
mm.) with relative lymphocytosis, increased plate- 
lets, and a moderate microcytic hypochromic anemia 
(RBC 2,600,000/cu. mm.). The sternal bone marrow 
puncture showed a cell-rich marrow with a slight 
increase of plasma cells, a marked left shift of 
WBC's, with band forms predominating, markedly 
increased megakaryocytes, and a moderate erythro 
blastosis. Splenic puncture showed normal splenic 
lymphocytes, and no abnormalities were noted. A 
special peripheral blood preparation for lupus ery 
thematosus cells was negative. Other studies, in 
cluding liver function tests, were done and were 
essentially noncontributory. After ruling out dis 
seminated lupus erythematosus, Hodgkin's disease, 
and leukemia in the differential diagnosis, medical 
and hematological consultants concurred in the diag 
nosis of Felty’s syndrome. 

Ocular examination showed the following: The 
right eye was normal in all respects. In the left eye, 
visual acuity was light perception only; the globe 
showed 3+4- diffuse injection, with ciliary flush, and 
the cornea was markedly and diffusely hazy around 
a paracentral ulcer about 3 mm. in diameter. The 
tension could not be determined because of exquisite 
tenderness of the globe 

Despite treatment with local atropine, oxytetra 
cycline (Terramycin), and cortisone solutions, and 
later I. V. corticotropin, the ulcer progressively 
worsened and perforated five days after admission, 


with iris prolapsed through the site of perforation 


\ 
: 
q 
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Enucleation was performed, and the pathologic re 


port was 
Micros pu tud 
bulb 


distorted globe The 


Meridional 


how a small 


sections of the 


entire partially collapsed, and 


triking abnormality is the 


presence of a detect the central portion of the 


cornea. This is filled with purulent exudate and 


partially resurfaced by a regenerative growth ot 


corneal epithelium. The corneal stroma bordering 


on the defect is heavily infiltrated with polymorpho 


nuclear leucocytes. There are some fragments ol 


Bowman's membrane, but for the most part. this 


hkl 


SYNDROMI 


does not suggest the type ot lesion seen in rheuma 


toid disease 


Phe iris has prolapsed into the corneal detect It 


is entirely covered anteriorly by exudate, while the 


iris tissue itself is heavily infiltrated by acute in 


flammatory cell exudate also lies in the 


narrow remnants of the anterior chamber, just in 


front of the prolapsed iris. Inflammatory infiltration 


in the liarv body is relatively mild, and toward 


the posterior limits of the flat portion of the ciliary 
body 


lhere has 


there focal lymphocytic aggregations 


been exudation trom the ciliary body 


Iypical arthritic deformities of the hands 


is absent. The epithelium over the margin 


ot the defect has been elevated by some hemorrhage 


and by some inflammatory exudation, so that it pre 


sents a blood-like elevation at various points There 


has evidently n a long-standing vascular pannus 


encroaching on the margins of the cornea. The epi 


scleral tissue in the ciliary region 1s ively 


exce 


vascular. It contains infiltrating leucocytes, which 


are a mixture of granulocytes and lymphocyte 


No granulomatous tissue 1 een in this region, 


and, although a chronic episcleritis 1s present, it 


*Dr. J 


and Far 


Arnold deVeer 


Hospital, made the 


Brooklyn 


study 


Pathologist, 
Eye pathologic 


and report 


mi the region of the ora serrata with some 


pro 


liferation of pigmented and nonpigmented cihary 


epithelium and some new formation of scar tissue 


evidently the result of 


organization ot ciliary 


exudate ] he periphery of the retina has been some 


what dislocated and disorganized as the result of 


traction of this membrane. The membrane, however, 


does not extend forward into the pupillary or 


stlenticular region. There is no sign of the len 


as evidently been completely 


extruded with its 


capsule. Very little imflammation 1 een im the 


Ihe 


there 1 


pou terior heen 
fluid 


there 1s 


egment retina ha lightly 


detached, and albumunou adherent 


its iimer surface. locally early 


fluid 


very 


of capillaries into this coagulated 


(beginning retinitis proliterans interna) 


‘ 4 ? 
3 
4 
‘ 
q = i 
a 
layer 
_ 
_ 
ooh 
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A. 


An 


leucocytosi 


occasional retinal blood vessel shows local 


with 


margination. Otherwise there is 


very little 
The 


and the 


retinal inflammation 


choroid is practically free of inflammation, 


clera, although relaxed and distorted, is 


not otherwise abnormal 


The optic nerve entrance 


and the nerve are not seen in the sections submitted 


Diagnosis Chronic  episcleritis, nonspecific ; 
corneal ulcer with perforation; acute iridocyclitis ; 
prolapse of iris; aphakia, and retinal detachment, 


slight 
I he 


tion of the left eye was 


postoperative course following the enuclea 


uneventful, and the patient 


was discharged to the OPD 


‘Two weeks later she 


complained of blurring and burning in the right 
eye, Examination revealed slight perilimbal injec 
tion and diffuse punctate superficial staining of the 
cornea with fluorescein, The corneal stroma, anterior 
chamber, and iris appeared 


uninvolved. Corneal 


ensation 


was decreased. She was immediately 


readmitted to the hospital for work-up and evalua 
tion, as it was feared that the same 


process which 


destroyed the leit eye was developing in her right 
eye. It was felt that her low white blood cell count 
lowered her resistance to infection and that medical 
means of elevating her white blood cell count should 
be considered. (It is that after 
appearance of the above eye symptoms she developed 


a paronychia of her 


interesting soon 
thumb, which was difficult to 
control.) During the next few days, despite inten 
sive local and systemic antibiotic therapy, the super- 
ficial punctate keratiti The Schir 
t tor tearing and the blood vitamin A levels 
were within normal limits 


became severer 
mer te 
used 
previous adverse effect on the left 


Cortisone was not 
because of the 
eye. The best corrected acuity in the right eye was 


20/200 Hematological medical 


and consultants 
advised splenectomy, which was performed on June 
24, 1954. We felt that the ophthalmological indica 
tion for the splenectomy was to protect the devital 
ized cornea against infection and ultimate 
tion by the 
\lso, we 


condition of the 


periora- 
expected correction of the 
that 
patient 


leucopenia 
beleved improving — the 


the ible 


general 


and pos improve 


ment of other 


unknown factors that result from 

the plenect« my in these cases could only have a 
beneficial effect on the eye 

Her WBC's, which had been running about 


2000 /cou. mm prior to splenectomy, rose to20,000/cu 


mm. unmediately after splenectomy, fell somewhat 
thereatter, and have remained between 6.000 and 
10,000/cu. mm. up to the present date. In addition, 


following splenectomy, the right eye has been fat 


less irritable, and, although there still is occasional 


superficial punctate staining of the cornea, this is 


The 


it did preoperatively, but 


not nearly as severe as formerly cornea no 


longer 


had 


appeared hazy as 


normal luster 


Her best corrected 


Vision im 
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proved from 20/200, preoperatively, to 20/50, at 
which it has remained up to the date of this report. 


COMMENT 
In 1924 Felty * described the syndrome of 
the chronic 
rheumatoid arthritis, splenomegaly, and leu- 


which cardinal features were 


copenia. Subsequently, other authors de- 
scribed similar cases, and the term Felty’s 
syndrome gained widespread usage. Other 
leatures, more rarely present in the reported 
cases, were malnutrition, yellow-brown pig- 
mentation of the exposed skin surfaces, sec 
ondary anemia, lymphadenopathy, low-grade 
fever, hepatomegaly, and predominance in 
the middle-aged Current medical 
opinion, however, appears divided concern 
ing the 
Kelty's 


pathologic 


group 
value or accuracy of considering 


syndrome as a_ specific  clinico- 


entity. One group considers 
elty’s syndrome to be merely an atypical 
form of ordinary rheumatoid arthritis, the 
splenomegaly and leucopenia possibly having 
an unrelated etiology.+ This group feels that 
the term Felty’s syndrome should be discon- 
tinued.* Another yroup,t however, believes 
there is value in retaining the term for classi- 
fication purposes. Dameshek believes Felty’s 
syndrome to be a form of splenic leucopenia 
due to the spleen in the 
chronic infectious or toxic process of rheu- 
matoid arthritis. 


involvement of 


He believes the hyper- 
splenism produces leucopenia by the enlarged 
spleen elaborating a hormone that inhibits 
the bone marrow in the maturation or libera- 


tion of leucocytes 


Others explain that the 


hypersplenism produces leucopenia by a 
the leu- 
cocytes by the enlarged hyperactive spleen. 
Whatever 


thorities agree on a hypersplenism factor pro- 


sequestration or phagocytosis of 
the mechanism, most of the au- 


ducing the leucopenia in Felty’s syndrome 
and agree on the advisability of splene tomy 
There several 
reports § of improvement or correction of the 


in many of these cases are 


leucopenia in Felty’s syndrome by splenec- 


+ References 1, 3, and 4 
t References 5 and 6 


S References 7 to 12 
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KERATITIS 


AND SCLERITIS WITH Fl 


attack 
against the proposed hypersplenism mech 


tomy, the rationale being a direct 


anism. 

Kelty's s ndrome is often regarded as a 
condition in the adult analogous to Still's 
disease in children 
that 


syndrome, 


However, an important 
ditference 1s there 1s a leucopenia 111 
Kelty's the 
count in Still's disease 1s usually normal, or 
elevated 


whereas leucocyte 


if altered, 1: In the lkuropean lit 


erature an almost identical syndrome with 


Kelty's svndrome has been described and Is 


referred to as the Still-Chautfard syndrome 
this case it 


briefly 


In discussing might be ad 


visable to review the ocular finding 


deseribed usually as being associated with 


rheumatoid arthritis per se and to consider 


how they may apply to this case. Ocular 


manifestations frequently described for rheu 


matoid arthritis are iridocyclitis, scleroma 
lacia perforans, Sjogren’s syndrome, and 
iridocyclitis with band keratitis in Still’s 
disease 

We do not believe that the purulent 
iridocyclitis in this case the typical 
endogenous, nongranulomatous  irido 


cyclitis usually described with rheumatoid 
arthritis. In our case it was probably sec 
ondary to the corneal ulceration. Although 


superficial punctate keratitis was 


present, 


except for the arthritis, there were no othe 


ocular or yeneral findings suggesting a 


Sjogren ndrome, and the Schirmer test 
was negative. Clinically the scleral lesion 
resembled, and undoubtedly was, scleroma 


lacia perforans of the excavating type. There 
| 


were no scleral nodule and the hi topatho 


logue report of the healed scleral lesion does 


not show the typical features of a rheumatoid 


granuloma, 1.e., fibrinoid degeneration and 
necrosis ot} collagen, a found b \nderson 
and Margolis.'* 


UMMARY AND CONCLI IONS 


A case report and discussion of a scleritis 
and keratitis associated with Felty’s syn 
drome are presented. It is believed that this 


report is the first in the literature that shows 
this as 


sociation 


SYNDROMI 
Felty’s syndrome consists essentially of 
chronic rheumatoid arthritis, splenomegaly, 
and leucopenia 


lett 


In the reported case the 
eye developed scleromalacia pertorans 
and later an uncontrollable central ulcer of 
the cornea, which perforated and went on to 
enucleation Later, the right eye became 
irritable and developed a superticial punctate 
worsened cle 
felt that 
the leucopenia associated with the Felty syn 


the 


keratitis, which progressively 
spite conventional therapy It was 


drome lowered patient's resistance to 
infection, and splenectomy 


Was performed 
(Whole blood transtusions 


which had pre 
viously been administered, had produced only 
a very transient beneticial effect.) bollowing 
the splenectomy, the white blood cell count 
promptly rose to above normal, the keratitis 
in het and the 
best visual 


20/200 to 20/50, 


right eye was amehorated, 


corrected acuity improved from 
date of thi 


the 


as of the report 


Histopathologic study ot enucleated left 
did 
leatures 

We beheve 


CAS Wa 


thie 


eve not show any specific rheumatoid 


ocular involvement in this 
than 


rheumatoid 


the 


mught be expected 
arthriti 
We also 


might be ad 


with ordinary 
cause of the associated leucopenia 
the 


exXatiiine 


that in 
visable to 


believe tuture it 


the eyes periodically in 


cases of Felty’s syndrome and to keep sple 
nectomy in mind where a scleritis and/or 
keratitis appears uncontrollable and threat 
ens destruction of the eye 
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Biologic Yocts on 


tcrowave tation 


Time and Power Thresholds for Production of Lens Opacities by 12.3 Cm. Microwaves 


D. B. WILLIAMS, B.S., Randolph Field, Texas 
J. MONAHAN, M.D., London, England 
W. J. NICHOLSON, BS. 

Kirtland Air Force Base, N. Mex 

and 

J. J. ALDRICH, MS., Randolph Field, Texas 


\lIthough cataract production has not been 
established as a microwave effect in humans,* 
the formation of lens opacities in animals sub 


jected to 12.3 cm 


radiation suggests the 
need for precautions in the administration 
of ocular diathermy or in situations where 
exposure of the eye is required for the opera 
tion of microwave 


lack of 


generators. 4 ('nfortun 


ately, the basic information as to 


the radiation dose and dose rates employed 


in previous studies has thus far precluded 


the development of standards which define 


ocular tolerance to microwaves, As an initial 


effort in this direction, the present investiga 


tion is designed to establish the time and 
power requirement experimental opacity 


production by single doses of 12.3 em. radia 


tion. Both the wave length and the power 
r publication July 
partment of Radiobiology ) School 
of Aviation Medicine (Mr Vi and Mr 
NIdrich) t. Joh pital Letee 
Sq., W. ¢ 
Ak Speci 


Phi 


Division 


Cambr 


Air bores 


search and Devel 


Mass 
* References 1 
Reference 


+R ces 
t Referet ‘ 


levels employed lor purp. 


interest in the apy d fields of microwave 


diathermy, radar conmunications, and micro 
search 


Lhe chief 


dam by 


Wave re 


source of lens 


on 


niucrowave tems from the am 


Daily 


Richardson and associates 


mal studies ot and associate and 


In these investi 


gations opacity formation was found to be 


an extreme effect caused by high-power 
levels of exposure to 12.3 em. radiation from 
Miicrotherm, It 


is notable that both research group 


Director © of the Raytheon 


demon 
strated opacities resulting from repeated ex 


posures without having first established the 


minimum single dose of radiation which 


causes lens damage at a given level 


The former group of workers produced 


lens opacities mn dogs and rabbits by re peated 


exposure to power level 


initially established 


by operation ot the microwave venerator at 


lield 


tion 


94 and 122 watts of power 


output 


intensity was otherwise varied by sele 


of exposure positions at a distanee of 1.5 


to 5.00 in. from the antenna. The latter re 


search group produced opacities by irraciat 
at a constant distance 


1O00-watt 


ing the eves of rabbits 


of 21m. trom a source invle ex 


posures of 15 to 20 munute duration pro 


alter 


h 


duced lesions within three to nine day 


Irrachation Repeated exposure 


12 minute n duration, were effective 


days, except for one instance, of 


atter the last ex 


period 


| 
teniperature at the 


posure 
Vitreou 


posterior | 


a 
mis work was accomplished at the Radic- 
biology Laboratory, Atomic Warfare Directorate, within 15 

pent Command, Cambridge 

19 the lens were characterists 

of opacity production ingle exposure 

to § ' 

9 § References 3 and 4 
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\Ithough the foregoing investigations are 
the 
actual power density responsible for opacity 
these 


notably lacking in information as to 


formation, an estimate in terms 1S 


found in a technical report of Salisbury and 
hese that 
exposure to 3 was danyerous 
single 10 
radiation at 


associate authors cautioned 


watts /sq. cm 
with respect to lens damage. A 
12.3 
this estimated power level produced opacities 
10 days 


minute exposure to cm 


in the eyes of rabbits within 9 to 


after irradiation 


\ccording to Herrick and Krusen,” a 
primary obstacle to the formulation of ocular 
the 


difficulty in measuring field strength of micro 


tolerance standards has been inherent 
wave energy in free space. With the develop 
ment ol power measurement instrumentation 
and technique for this purpose,|| it was pos 
ible in the present study to relate opacity 
production to the power density prevailing 
at the position of exposure 

lifty-cight anesthetized rabbits were used 
to establish the minimum exposure time and 
power requirements for opacities produced 
by a single dose of radiation up to 90 minutes 
in duration 
of threshold 


utes, tour 


In order to establish the trend 
OO min 


additional animals, two animals 


requirements beyond 


at each power le vel, were irradiated for 4 5 


hours at O.12 and 0.22 watt/sq.cm. Seven 
| 


used to determine the 


body 


of threshold exposures 


teen animal were 


ocular and whole temperature charac 


teristy 


MATERIALS AND METHOD 
Male New 


veneru ind 


Inimals and Anesthesia 


aland 
hit rabbits of the about 


to 


ame 


veeks of age were used Inve 


tiga 
odium pentobarbital (approximately 35 me 


per kilogram of body weight) injected into the 


marginal vem ot the ear 


produced anesthesia for 


short periods of time (one-half hour). The method 
1 


allowed tor additional injections for longer periods 


x posure 
Radiation Source Ihe Raytheon 
Model CDM4, was employed as a 
This 


Microtherm, 
source ot high 


frequency radiation 


instrument is rated at 


Pankiewez, | 
Griffis Air 


onal communication 


Rome Air Development 
Force Base, New York: pet 
to the authors 


Center 


ROS 


approximately 100 watts of power output at 100% 
power-meter The power output is 
at 2450 me/se 
12 3 cm 


is described in the 


setting con- 


tinuous wave radiation 


producing 
length of 
Microtherm 


report 


a wave The calibration of the 


\ppendix to this 


Ocular Exposures 
control for the 


The left 
right eye, 
of the 


eye served as a 


which was exposed at 
Microtherm. Distance 
was measured by use of a cylindrical wooden spacer, 
? 


it 


2 in. from Director ¢ 


long and 4 in. in diameter, inserted between 


J 
0 


7£3) 


ure-time and power-density re- 


quirements for experimental opacity production by 


12.3 cm. microwaves 
the cornea of the eve and the 
iront of the 


housing in 
deflector. 


plasty 


dipole over of the 


Duration of irradiation and power levels 


and & 


were 
between the minutes at 


(0 


varied 
100% 


at 35% 


limits of 


output 


watt/sq. cm.) and 90 minutes 


output (0.24 watt/sq. cm.) 


made to the 


After a single 


exposure was 


open eye, each animal 


was periodically observed for 90 days, and in some 


ases tor 6 both 


with the 


months Examination of eyes 
May 


exposure 


hefore and after 


irradiation was made 


| he 


presented in 


result oft this 


Table 1 


opacity 


ophtl almose ope 


series are and are resolved 


into a threshold for 


\ 


formation in Figure 1. 


Yone of the control eves 


developed opacities during 
the period of observation 
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TABLE 


Animal 
No 


1.—E-x perimental 
Exposing the Open Eyes of Anesthetized Rabbits 


Microwaves 


cen 


erator, 
Per Cent 
of Total Density,* 
Power 
Output 


100 
100 


* Power det 


at 


Upon estal 
the 
were 
vitreou 
lemperature 
of the lens by 
the 
the 
the 
plis! 


ovet 


pos 
t Disappeare: 
tion 


thermal 


obtained 


thermist 


* permitted mea 


Opacities 


VIC ROWAVES 


Exposure 


Opacity 


Lens Opacity 


Minimal 
Minimal 
None 
None 
Diffuse 
Minimal 
None 
None 
Diffuse 
Diffuse 
Cireumseribed 
Diffuse 
Cireumseribed 
Diffuse 
None 
None 
None 
None 
None 
Diffuse 
Minimal 
Minimal 
None 
None 
Clreumseribed 
Diffuse 
Minimal 
None 
Clreumseribed 
Minimal 
Minimal 
Cireumseribed 
Minimal 


Cireumseribed 
None 

None 

( lreumeeribed 
Diffuse 
Diffuse 
Minimal 
None 


1,] 

‘ 
pacity { 
ol ¢ 
mace 
hue 


ielding wa 


Produced 


place 


Body ten 


measurements were made with a rectal thermome 
ter The results of the temperature measurements 


are shown in Figure 2 


RESULTS 


Gross Ocular Pathology.—Opacities oc- 
curred in 32 of the 58 rabbits subjected to 
12.3 cm. radiation, as described in Table 1. 
\n arbitrary classification into three groups 
was used for typing the damage observed. 

(a) Minimal Opacities: These lesions ap 
peared as clusters of small black dots in the 
region of the posterior suture of the lens 
and were probably not detrimental to vision, 
Kleven animals possessed lens damage of 
this type, previously described by Daily and 


issociates.* 


(hb) Cireumseribed Opacities: These le 
sions were roughly round or oval with sharp, 
dark borders, which often had a_ray-like 
appearance, im contrast to the core, which 
was diffuse and less dense Phese opacities 
were located in the region ot the po terior 
horizontal suture: in two of the severe cases, 
the suture line separated the damage into 
upper and lower regions. Datly and associ 
ates * also reported ilar observations 
Some of the seven examples of this group 
appeared dense enough to interfere with 


Vision 


c) Ditfuse, Irregular Opacity thi 
variable group of cataract obstructing 
vision, Was comprised of large, opaque area 
with peripheral crescents, dense linear pro 
ection and vacuole In some case thie 
cataract involved the len utficiently to 
obscure the retina ome change their shape 
during the 90-day observation period, bour 
teen cataract vere included in this muiscel 
laneous grouping 
All of the lens opacities produced im tl 

tudy developed within 14 days after irradia 
tion. Richardson and co-worker ound a 
imilar period associated with repeated ex 
posure while with single exposures they 
observed a maximum time of nine da re 
quired for development. In this present work 


the minimal opacit required the longest 
time for development; the diffuse, the short 


est, and the circum cribed i period between 


“6 


to 123 Cm, 
Days 
After 
Duration Until 
| posure, = ance of 
Min 
1 0.59 
4 O59 3.5 
4 ” 13 
6 0.54 7 
9 » 0.48 17 
4 10 0.48 17 
1 O48 15 7 
12 O48 1S 
13 0.48 13 5 
15 0.48 ll 
é 16 0.48 
” 15 0.46 1-3 
21 70 0.43 17 
22 70 0.43 16 4-10 
2 70 0.43 12 
70 0.48 
2h 65 0.40 
7 6 0.40 15 11-14 
ob O40 10 
29 0.38 40 
31 0.38 bo 7-18 
33 ow 0.38 ar 
a 0.38 None 
37 0.38 None 
0 0.35 Diffuse 
4) 0.35 Mit al 
“4 
~ 
46 77) 0.22 70 
48 0.32 15 
771) 7) 0.32 0 None 
2 45 0.29 70 
45 0.29 None 
b 0.% Note 
«\ty at the position of the exposed eye ‘ 
tior 
in lishment of the thi igure J, 
laracteristy ot mation 
from a second osure 
exposed eve 2 pol 
measurement in the 
a ° means of a thern Iding of 
leads up to the point of entry into 
f urements to be made during 
lated lead wit 
Mmsulated CAC erature 
= 
| 


the two e 


inversely proportional to the time of 


xtremes the degree of dam 


ave 1s 


appearance. In three cases minimal opacities 


regressed to the point of disappearance, but 


exposures producing these lesions were con 


sidered as having produced opacities 
Although the this 
focused primarily on the production of opac 


attention of study was 
observed 


the 


ities, other radiation effects were 


High-power levels produced edema of 


hd and conjunctiva HOSTS, 
the 


\ few cases of retinal damage 


Enophthalmos, 


and injection of conjunctiva occurred 


commonly 


were noted, but in most cases lens opacities 


OUPATION POWER 


of 
ExPOS DENSITY 


min) (warrs /om*) ‘ 
— 4 


INCREAS 


£ 
4 


<70 


Increase in normal 


big, 2 


to 12.3 em Wave 


represented the severest damaye which wa 


grossly discermble. that caused 


prominent and persisting edema the 


ataracts of 
ettect 


periorbital region resulted in « 


the greatest severity. Other secondary 


could not be satisfactorily correlated with 


the 
patholog \ 


quent occurrence of opacitie Lens 
hemg accomplished and will be 
subsequently reported upon if warranted 

Powe lhresholds of ©) pac it y 


ormation the 


produce 


and Time 
In order to delineate time 
combinations which 
able 
ffective 


inetlective episodes of 


and power 
the 


graphically in Figure 1 


opacities, data of are presented 
exposure 5 
are shown as crosses; 


ous temperature 
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line drawn through the experimental points 


exposure are indicated by circles solid 


represents an empirical limit above which 
production of lens opacities is a near cer- 
The 


old is suggested by its passage through and 


tainty. nature of this limit as a thresh- 
proximity to experimental points which rep- 
resent mixed results obtained by the 
The 


the threshold is not precisely known in terms 


same 
conditions of exposure significance of 


of probability. It is of interest, however, 
that the 


through approximately 25% of 


empirical limit’ selected passes 


the total 
number of experimental points and effec 


IN TEMPERATURE (% 


ARR 


\ 
QO 


produced ocular 


tively separates all of the remaining ex 


poses except In one case 


In Figure 1, the threshold ranges from 5 


minutes, at 0.59 watt/sq. cm., to 90 minutes, 


at O.29 watt/sq.cem. One watt per square 


centimeter equals 14 The 
shold 


alent to a 


min. 


cal | 


thre power densities, thus, are equiv- 


84 to 4.1 
369 


thermal flux of 


cal sq.cm/nun,, or doses of 42 to 
5 to 90 minutes 
\lthough 


interconvertible, as 


the threshold 


cal/sq. cm. delivered during 


of exposure, respectively power 


and energy units are 


shown above, expression of 


power requirements in per square 


| 
S | 54 | 
15 | 
|_ | ow \\\ 
| 
JO 
70 
| Ole 
iy Vit ex posur: 
| 
| 
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centimeter appears adequate for the purposes 
of this report 

10 of 
the threshold power requirement of O48 
of the 3 
which was regarded as haz 
The 
extreme susceptibility of the eye to power 
by the pre ipitous slope in this 
Below 0.4 the rapidly 
decreasing slope of the threshold reflects the 


Compared at minutes exposure, 


watt/sq.cm. 1s one-sixth 


sq 
by 


only 


watts cm 


ardous Salisbury and associates.” 


densities greater than watt/sq.cm. is 


indicated 
region watt/sq. cm 
gross increase in the exposure time required 
for opacity production at only slightly lower 
Little is of the 
0.29 


densities known 
threshold 
for exploratory exposures of 4.5 hours’ dura- 
tion at 0.22 and 0.12 watt 


The 


damage at 


power 


below watt/sq.cm. except 


sq.cm., respec- 


tively production of severe ocular 


0.22 


watt em. is not typical 


de 


prolonged episode 


of opacity production, 
The 


of ocular hyperthermia at 0.22 watt/sq. em. 


previously 


as 
seribed extremely 
permits time for the development of ther 
mally induced, physiologic changes in the eye 
during the course of exposure. It is probable 
that these changes 
the 


are not representative ol 


ocular system in which lens opacities 


are produced by relatively shorter periods 
ol exposure at higher power densities. The 
of the at 0.12 


sq. cm, to elicit any discernible response 


failure 15-hour exposure 
watt 
suggests the proximity of a practical limit 
to power densities that can produce lesions 
of the lens by a single exposure under the 
conditions of the experiment 

Temperatures Associated with Threshold 
xposures._ During the course of this in- 
vestigation it became apparent that exposures 
whole 
This 
made but not exploited by 
who 
periods of irradiation, 
the threshold de 


a limited 


of long duration produced a rise in 


body temperature as measured rectally 


observation was 


other investigator were concerned 


with relatively shorter 


Upon the de velopment of 


scribed in Figure | number of 


animals were exposed to threshold doses 


of radiation. In this latter experimental 


Mh ide 


series, 


temperature measurements were 


vitreous of the eve at the posterior 


pole of the lens, except as otherwise noted, 
and in the rectum during the course of each 
exposure. The results of these experiments, 
subthreshold 270 
0.12 


ized in Isigure 2 


including a exposure of 


minutes vat watt cm., are summiar 


Increases in vitreous temperatures are 
indicative of the temperatures, 2 C, which 
prevailed during most of the exposure epl- 
sode at a given power density. Because of 
the deep level of anesthesia required to main 
tain the thermistor in the eye during pro 
irradiation, 


ot 


longed periods of satistactory 


temperature measurements the vitreous 


were not obtained for exposures Im excess 


Moreoy cr, * onsiderable loss 
lead 


experienced during such protracted periods 


of 25 minutes 


of vitreous around the thermustor was 


of irradiation 

Vitreous temperatures of between 53 and 
49 C, of 
threshold exposures between 5 and 25 min 


elevation of vitreous temperature 


respectively, are characteristic 


duration level 
10 to 14 ¢ 
above normal and agrees well with the range 
ot to 


utes in represents a 


51 55 which was found significant 


in opacity production by Richardson and as 
soctates 


Threshold exposures shorter than 25 


min 
al 2 deyree 


utes in length produced less than 
rise in body temperature, wherea 
at consid 


to 


to 70-minute threshold exposures 


erably lower power densitie caused a 3 


in body 


that 


5 degree (C) increase temperature 


In veneral it appear the mse im body 
dura 


the 


a direct function of the 
hold 


level character 


temperature 


tion of thre irradiation despite 


highet power tie of brief 


hese 
the re 
O12 


exposures observations are in 


hold 


where a 


con 


ults of subthre 


| 


posure 


trast to CX- 


posures at viitt cm pro 


tracted period of ex of 270 minutes 


produced a negligible body temperature ele 


evidently at this latter level 


the 


vation power 


animal to dis- 


to the 


the ability of irradiated 


ipate heat 1s about equal energy 


flux on the head and eye 


Increases in body temperature decrease 


the quantity ol power or the dose ot radia 
tion which is required to raise the tempera 


| 
= 
| 
| 
| 
| 
— 
|| 


ture of the vitreous to the level of opacity 
production. The significance of even small 


decreases in the lens-damaging temperature 


differential through rises in body tempera- 


ture 1s threshold 


Moritz 


suggested by cutaneous 


burn studies and 


of Henriques.*® 
These investigators found that only 1 degree 
imerease 


doubled the 


in cutaneous temperature 
to 


thermal coagulation of cutaneous proteins in 


speed of reaction leading 


the temperature range of 44 to 51 ¢ 
It i 


tudy 


not within the scope of the present 
the effect 
of increases in body temperature upon the 
threshold 
An indirect measure of this effect, however, 
of the 
(C) elevation in body tem 
the 10 to 


cause 


to evaluate quantitatively 


in terms Ot power requirements 


is obtained through a comparison 


$ to 5 degree 


perature with 


temperature 


differential necessary to an opacity 


In this case the threshold radiation dose is 


reduced by an amount corresponding to a 
30% the temperature 


difference between the normal and the dam 


20% to decrease in 


thi 


Vitreous temperature The magnitude 


ot effect, which results from exposure 
of only the head, implies that a 
threshold 
well a 
ubjected to the 


(other 


somewhat 


lower the 


would 
the 


prevail where 


body, a head and eyes, was 


12.3 cm. 


such a 


thermal effects of 


radiation heating effects, 


olar radiation, restricted air circulation, 


high environmental 
etfects 


relative humidity, 


temperatures, and, general, 


which t 
heat, 


in any 


the ability of the body to di 


“aX 


sIpate 


are indicated as factors which would 
tend to lower the threshold requirements ol 
This effect be 
particularly eritical at low power densitic 


which be 


cau Conversely, other condi 


opacity production would 


might not otherwise capable of 


ny lens myury 


tion uch as low ambient temperature and 
which would augment 


body 


threshold requirements 


humudity, 
the 


the 


low relative 


the ability of to dissipate heat, 
night well raise 
its sim 
threshold 
to be 


of curves related by a 


of opacity production. Resolved 
the 


the 


in 


jest term time and power 
| 


defined in present study appear 


but one family 


third 


ola 


parameter, which represents a sum 
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mation of environmental effects mentioned 
above 
COMMENT 

The clinico- and histopathology of micro- 

wave opacities is discussed in some detail 

elsewhere.” It appears worth while to men 

tion, that the opacities 


observed in this study have salient features 


however, minimal 
im common with opacities described in rab- 
lnts subjected to ocular irradiation by x-, 
neutron- and beta-radiation.# This is par- 
ticularly true in that vacuolar opacities in- 
both 12.3 


radiation 


duced by cm. microwaves 


] a 
predilection for development in_ the 
the 


and 


lonizing show marked 


region 


of posterior horizontal suture, (2) a 


comparable latent period of onset (several 
days to several weeks), in the case of micro 
waves, and high doses of neutrons (14 mev) 


and beta-radiation, and (3) in some in 


tances regression to the point of disappear 
12 cn 


(thermal 


ance, The photon energy 


10 


of radia- 
effects 


3,000,000 of the 30 


tion at electron volts 


range ) posse SSeS only ] 


electron volts (ionizing etfects’ range 


quired for the production ol a 
Thus, 


induced by microwave and ironizing radia 


single jon 


pair despite the fact that opacities 


tion are undoubtedly initiated by entirely 


different (thermal ws 


well be that these 


primary reactions 


lesion 


regardles hecome visible 


of radiation type 


through a similar course of iry events 


\ comprehensive study of lens changes pro 


duced by 


microwave 7% radiation 


to 


loniziny 


might serve elucidate the controversial 


features of the radiation cataract mechanism 


Because of its ready availability, the Ray 


theon Microtherm Director C was the instru 
“il 


thi a Ve 
the 


ment of choice other 
the 
the 


at a 


as in 
Instances 
ellects 


ocular studi In latter 


rractice of relating biologi to 


~Ource-specimen 
total 


incident 


exposure 
viven 
the 
prevented 
this 


rather than to 
has 


ult 


powe r output, 


power density, thus far 


ré obtained 


thre 


comparison or 


with equipment. In present study 


measurement of power density at the posi 


© References 3 and 4 


# References 11 to 13 
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ANIMAL 


THUMAN EXE 
INJURIOUS) 


watts 


APPLIED POWER DENSITY | cor) 


THRESHOLD OF EXPERIMENTAL 
FORMATION BY SINGLE DOSES 
RADIATION 
REFERENCE SHOWN IN ( 


)OSAGES IN OCULAR DIATHERMY (5) 
SUSPECT POWER LEVEL (10) 


20% 50 60 70 60 90 120 160 #006 200-220 240 760) «6280 
DURATION OF EXPOSURE (MINUTES) 


significant in ocular irrady ith 12.3 em. mies 

tion of exposure permits, for the first time, future. Such an integration has been pet 
an expression of opacity formation in terms formed in Figure 3, which graphically sum 
of the dose and dose rate responsible lor miarize avallable knowledge on both human 
its production, Calibration at other power ind animal ocular irradiation by microwave 
output-distance combinations similarly pro References for the data of bigure 3 are found 
vides information on the power densitic im Tables 2 and 3 

which were used by investigators in othet I/uman Irradiation \Ithough sufficiently 
wise comparable studi Thus, a common high power levels may cause human ocular 
basis is established for the integration of — injury, lens damage has not been established 
existing knowledge into a form which can as a radiation effect in humans, On the 


give guidance to pertinent studies in the — contrary, the thermogenic quality of 12.3 em 


Ini at or Production of laxperimenta 


(J pacitt 


Dally et al 


Kichardear 


from menus 


showin 


egard 


( 
0.6, 
4 
( 
oO 
(14) SHOWN INSIDE SYMB 
7 RATS NIM A 
o4 
| 4, (7) 
3) (90) % (7) 
0.2} 
14 
| 
| 
Gums by /2 Cm. Microwaves * 
Distances os 
Power 
Density, Deflector} Opacity Author 
Watt Sq. Cm Mir Ni Periodiett Production$ Ke terence 
Unanesthetized Rabbits Exposed at Watt Power Output et al 4 
0.58 ] levery other day 
0.96 Dally 1/6 
0.16 10 Datly 
\nesthetized Rabbits Exposed at “4 Watts of Power Output es 
. 16 ‘ Dall 
Anesthetized Ratbits Exposed at 100 Watts of Power Output ts | 
0.46 
046 
. 
* From the Raytheon Microtherm Direetor © dlathe y apparatus 
Approximate values derived rements of power leriait described in the Appendix to this report 
! Distance of exposure position tamed) from the front riace of the plastic housing Opposite and eovering the 7 
dipole cross-over of Director ¢ 
Ratio of the number of opacities to th nber of animals exposed, Exposures according t 
Daily * have been grouped without ru to ocula plementation, which was ot established ae statletically “ulficant 
nh opm y produetion 
669 


radiation has been used to advantage in 
ocular diathermy for treatment of the dis- 
eases of the posterior lens segment of the 
eye.’* In this connection, it should be noted 
that the production of opacities in the present 
study is in no way intended to depreciate or 


Taste 3.—Ocular Exposures Employed Clinically 


by Clark 4 in an Unusual Case * 


Power 
Density, 
Watt 
Sq. Om 


Exposures 
Power 
Output, 


Duration, 
Per Cent 


Min 
1b 
15 


Periodicity 
(19) 
1/23-7/27 

28-8/24 
28-8/2A 


No 
0.18 


ols 


0.24 


* Radiation source 


Raytheon Microtherm Director C. 


to discourage the use of the Microtherm 
where its use has been found desirable, but, 
rather, the to indicate limits 
which can give guidance for its successful 
application 


18 
pury 


\lthough the threshold of experimental 
opacity production affords an estimate of 
power density which should be considered 
dangerous, its meaning in terms of human 
\ 


better appraisal in this respect is obtained 


analogy has not yet been established. 


from consideration of the time and power 
parameters of exposures used in microwave 
diathermy of the human eye. 

\ standard ocular treatment reported by 
Clark '* consisted of a 15-minute exposure 


of the open eye to 20% of the power output 
of the 


at a distance 
In 
case it was possible to administer a number 
ot 
damaging an eye with already irretrievably 
lost 


Raytheon Microtherm 


of 3 in. from Director C, an unusual 


of exploratory exposures without fear 


sight. Although 23 of these exposures 
were at power levels considerably higher 
than the standard treatment, none of these 
exposures was deleterious. The approximate 
power densities employed in these treatments 
are shown as boxes in Figure 3 

It is notable that all of these exposures 
are at power levels well below the threshold 
for experimental opacity production, The 
standard clinical treatment 


employs only 


one-fourth the power density dose and dose 


870 


M. 
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rate that produces lens damage in the rabbit. 
Despite the production of severe ocular dam- 
age in the rabbit by 4.5 hours of exposure 
to 0.22 it is of interest that 


<2 watt 
three 15-minute exposures at this level were 


SY 1s 


not injurious to the human eye. Human ex- 


posures at 0.24 watt/sq.cm. were discon- 


tinued because of pain or discomfort. Pos- 
sible effects from protracted exposure at 
this power level are suggested by the massive 
ocular damage sustained by the rabbit from 
1.5 hours of exposure to 0.22 watt/sq. em. 
The production of sensible discomfort before 
injury to the human eye at 0.24 watt/sq. cm 
is of interest in the light of a suggestion ° 
that injury without warning may be caused 
by 12 em. radiation in a region, such as 
the lens, that is poorly supplied with heat 
sensory receptors 

Parker 
to 


Hirsch and 
which 


described a case in 
circum- 
stantially linked to the occurrence of bilateral 


exposure microwaves is 
lenticular opacities in a microwave-generator 
operator, An etiologic relationship was not 
established in this case. The radiation source 
involved a 9 to 18 ecm. wave generator with 
an average power output of about 100 watts 
on a 50%-duty cycle. The average daily 
level of exposure was believed to approx- 
imate 0.005 watt/sq. cm. It was estimated, 
however, that the operator's head was inter- 
mittently exposed to a power density of 0.12 
watt/sq. cm. for a total of two hours during 
the three difficulty 


vision 


days preceding with 

It is of interest that the same power level 
of O.12 watt 
in rabbits receiving a single exposure as long 
in duration. Additionally, 
that the level 


shown in Figure 3 is only slightly higher 


sq. cm. was found ineffective 


as 270 minutes 
it is notable suspect power 
than the clinical level and is directly compa 
rable to or lower than the power densities 
of 23 exploratory exposures which Clark 
gave without perceptible ill effect upon the 
lens 

Cumulative Effects 
that opacities may be produced as a cumula- 
effect this 


contingency is of considerable importance 


Phere is a possibility 


tive radiation Ixploration of 
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with respect to its connotations in human 
exposure to low-power levels of radiation 
over long periods of time. With the develop- 
ment of a threshold for experimental opacity 


production by a single exposure, it is expedi- 


the results of 


investigators for evidence of opacity forma 


ent to examine previous 

tion as a cumulative effect of repeated expo 

sures. 
Irradiation 


parameters renorted by 


Richardson,’ and Daily * and their associates 
are shown as circles in Figure 3. The total 
number of 


exposures per are 


indicated inside the symbol. The ratio of the 


rabbit eve 


number of animals developing opacities to 
the total number of exposed animals is noted 
the the 
author reference number in parentheses 
The 15- to 
requirement for Opacity production as ob 
served by 


as a fraction between circle and 


20-minute single-exposure 
Richardson and colleagues at 
100% power output corresponds to a power 
density of about 0.46 watt/sq. cm. Reference 
to Figure 4 (Appendix) confirms that this 
power density is within the power distribu 
tion at 2 in. from Director C of the Micro 
therm. The proximity of the multiple 10 
to 12-minute the threshold 


suggests that any single exposure within this 


exposures to 


latter series may have produced lens damage 
without the need for additional exposures 
Similarly, the results of Daily and associ 
ates* at 0.53 
inconclusive with the exception of ten 10 


and 0.36 watt/sq. em. are 
minute exposures at the lower density, where 
one of six exposed animals sustained an 
opacity. An example more suggestive of 
opacity production as a cumulative effect is 
found in the 10-minute 


0.16 and 0.24 watt/sq. em 


ten exposures at 
It is remarkable, 
however, that each of these latter densities 
the threshold 


for single exposures 


are well below requirements 


SUMMARY AND CONCLUSIONS 

( Ipacities can be produced in the eyes of 
anesthetized rabbits by 
12.3 


requirements for experimental opacity for 


single exposures to 


em. microwaves. Time and power 


mation ranges between 5 minutes, at 0.59 


watt/sq. cm., and 90 minutes, at 0.29 watt/ 


sq. cm. The power densities of this threshold 
correspond to a thermal flux of &4 to 4.1 
Che trend of the threshold 


beyond 90 minutes is bracketed between 0.22 


cal/sq. em/min 
cm for } 5 hours ol 
The the pro- 


tracted period of exposure at O.12 watt/sq. 


and O.12 watt/sq 


sus 


tained irradiation failure of 


em. to cause any discernible ettect suggests 
the proximity of a power density below which 
opacity production by this method is not 
practical 

\s nearly as can be determined by ophthal- 
examination, — all 


the 


moOscopie opacities are 


formed in posterior lens segment and 
in some respects resemble lesions produced 
by certain ionizing irradiations. The quantity 
of 12.3 reflected 


mitted by the eve is unknown, but sufficient 


em. radiation and trans 


energy 1s absorbed to produce temperatures 
of 49 to 53. C 


later becomes 


at the site of the lens which 
cataractous, A latent period 
of 1 to 14 days elapses before the onset of 
discernible opacities. The lesions, in order 
of increasing severity, are classified accord- 
ing to appearance as minimal, circumscribed, 


Minimal 
detrimental to sight, but the last two types 


and diffuse lesions may not be 
interfere with vision. Other ocular effects are 
observed but, for the most part, appear less 
Secondary 
the 


development of lens damage except in some 


significant than lens injury 


effects are not consistently related to 
cases of the diffuse lesion, where severe and 
persisting periorbital edema appears to be a 


precursor of cataract formation 

Increases in body temperature are charac- 
teristic of exposure causing opacities. Despite 
the lower-power levels involved, higher body 
associated with the longer 
that 


the opacity threshold is partially a funetion 


temperatures are 
periods of exposure, The indications are 
of changes in body temperature and/or envi- 
ronmental factors that would affect the capa 


The 


equivalent of the experimental threshold is 


bility of the body for dissipating heat 
not known in terms of human analogy, Con- 
sideration 1s being given the development 
of an opacity threshold in the monkey as an 
approach to the problem of extrapolation to 


#71 


man. It is suggested in the interim, however, 


that the present threshold should be reyarded 
as dangerous for human until 


eyes more 


definitive Limited 


information is available 
evidence of opacity production as a cumula 
tive effect from multiple subthreshold expo 
ure empha 


this 


the need to explore further 
aspect of ocular irradiation 
APPENDIX 


Power MEASUREMENTS ON THE RAYTHEO 


Dinector COMBINATION 
Power Output The power 
Raytheon Microtherm, Model 

measured at LOOY 


MickoTHERM 
(,enerator 

output of the 
CDM4, wa 


ettinyg 


power meter 
The equipment used for this purpose 
was comprised of a Hewlett Packard Mier 

wave l’ower Meter, Model 43018, employed 
in conjunction with a Hewlett Packard Tun 
able Bolometer, Mount Model 475B. A eali 
brated length of RG-21/4 was used between 
the input of the Hf. P.M. P. Meter and the 
output of the Microtherm. The attenuation of 
the cable was 55.00 db. One hundred per 
cent output of 93.8 watts was calculated from 


the H. P. M. P 


the mathematical definition of power attenu 


Meter reading according to 


ation in decibel 


(1) 


where power inputee H. 
my watt Thi 


Meter read 
particular Microtherm wa 
rated by the 
wits 


at approximately 


of power output at the same setting 
Powe) The intensity 
of the radio Irequency field from Director ( 


ly tenna Output 


of the Microtherm was measured. The same 


power-measuring equipment used, but 


with an attenuation of 26.34 db. between the 


Was 


power-measuring equipment and the dipole 


pick-up antenna The etfective area of the 


pick-up antenna was 21.3 sq. em. at 2450 me 


Power measurements were made with the 


dipole pick-up antenna positioned in space 


at distances up to 7 in. from the Director. 


Distances were measured from. the plane 


comeident with the anterior surface of the 
plastic housing which covers the dipole cross 
over ol Director C. Measured power in watts 


was converted to tield strength in the same 
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units by means of the following expression, 
which is readily derived from Equation 1. 
Field strength=H. P. M. P 

Meter reading 


sttenuation (2) 
10 


where attenuation ts expressed in decibels. 


antilog 


Field-strength values were converted to 


power densities in watts per square centi- 


meter according to the expression 


Field strengtl 
density (3) 
lert 


Power 


where /lege Telers to the effective surface area 
of the dipole pick-up antenna in square centi 
meters 

ower measurements were primarily con- 
cerned wtih evaluating the field strength at 
the 2-in. position which was used for ocular 
\dditional 


power com 


exposures in the present study 


measurements at other distance 


binations were made in order to obtain an 


estimate of the power densities employed by 


earlier 


investigators. 4 shows the 


power distribution in a 3>¢4 in. cross section 


of the beam at the 2- and 3-in. positions. The 


data are reported to the nearest 0.1 watt Sq. 


cm, and were obtained at LOO% power out 


put. Figure 5 reflects field strength as a fune- 


tion of distance from the deflector. These 


latter values were obtained in space directly 


opposite the Microtherm dipole cross-over at 


power levels and distances indicated within 


4 T tion of 


Viv ro 


Mierotherm 
Power Meter 
Setting 
Per Cent 
Power 
Output 


Watt, Sq. Cm 
al Equation 4 
10 0.10 
ny O15 
0.21 
OU 


at watt/sq. em. to 4% et 


ts were taken in space directly 
over and at a distance of 2 In 


ot the 


opposite 
from the 
dipole 


plastic eovering on the 


therm Power-Meter Setting 
(aleulated 
Power 
029 
0.99 
6h 0.40 
= 
ih 0.46 
Onl 
lim 
Average deviation *20°, 
watt sq. em 
dipole cross 
the dipole eros» 


BIOLOGIC EFFECTS O VICROW AVES 


DEFLECTOR 


TOR 


DIPOLE ANTENNA 


ANTENNA 


RAYTHEON MICROTHERM 


MOOEL 


oa 


Fig. 4.—Power distribution heam 

Raytheon Microtherm operating at 100% 

the nearest 0.1 watt/sq. em 
the Figure. This region of the beam cross 
section was consistently found to possess the 
maximum power density at distances up to 
7 in 

Power densities at the 2-in. position and 

directly Opposite the dipole cross-over are 


shown in Table 4, Column 2, as a function 


COM 


CROSS OVER 


PLASTIC HOLIS/A/G 


+ 


ot tl 


distances 


Mier 


\ccording to 


quare 


the e 


Power 


Vel 


he re 


OIS TANCE (INCHES 


Fig. 5.—Power density as a function of 
Microtherm 


distance 


density 


thetet et 


power 


ON 


otherm 


trom 
len 


lyrector of the 


itive ire reported 


power-meter setting 


the method of least mean 


these data are readily expressed by 


0.04564. 0.00547 Microtherm 


ting 


density 


Raytheon 


4 

i 

| 

Mra 

+ 

a 

| 

1.5 4? log lo 4los! 
‘ 1——¢ 

jos loHsios ! O2 slog 

| 

| |Oe lo 2 | 
2” POSITION 

it 2- and 

(4) 

is expressed in watts 

te os; 

ad 

Powta | Q 

as 

~ 

| 

( % 

i ar 

| 
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per square centimeter and the power-meter 
setting is in per cents of power output. The 
agreement between power densities normal 
ized with the aid of equation 4 and calculated 
by Iquations 2 and 3 is reflected by a com 
parison of Columns 2 and 3 of Table 4. 
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SOCIETY NEWS 


Florida Midwinter Seminar. 


The Tenth Annual Meeting of the University of 


Klorida Midwinter Seminar in Ophthalmology and Otolaryngology will be held 


at the Sans Souci Hotel in Miami Beach the week of Jan. 16, 1956 


The lectures 


on ophthalmology will be presented on Jan. 16, 17, and 18, and those on otolaryn 
gology, on Jan. 19, 20, and 21. A midweek feature will be the midwinter conven 
tion of the Florida Society of Ophthalmology and Otolaryngology on Wednes 


day afternoon, Jan. 18, to which all registrants are invited 


The registrants and 


their wives may also attend the informal banquet at & p.m. on Wednesday. The 
schedule has been changed to provide a maximum time for recreation each 


altternoon 


The Seminar lecturers on ophthalmology this year are Dr. Francis H. Adler, 


Philadelphia; Dr 
Ir. ¢ 


A. Gerard DeVoe, 
Francisco : 
Detroit 
Minn.; Dr 


Dr John I: 


Lewis 
Lindsay, Chicago, and Dr 


New 
Wilbur Rucker, Rochester, Minn., 
Those lecturing on otolaryngology 
Morrison, San Francisco 
Bernard | 


York; Dr. Michael J. Hogan, San 
and Dr. A. D. Ruedemann, 
lrederick A liga, Rochester, 
Charles Kinney, Cleveland ; 
Mc Mahon, St. 


are Dr 
Dr 


A. 
and 
A. 
| 
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ysterical Ambly opia 


Statistical Analysis of Forty-Two Cases Found in a Survey of Eight Hundred 


Unselected Eye Patients at a State Medical Center 


T. F. SCHLAEGEL Jr., M.D., Indianapolis 
and 
F. V. QUILALA, M.D., Quezon City, Philippines 


Because of the clinical impression that 
hysterical amblyopia, when specifically looked 
for, is commoner than 1s generally believed ; 
the incidence, as determined by 
the 
be evaluated in 


that a 


and because 


a review of literature, cannot properly 


terms of the subtler cases, 


it seemed clinical reexamination ot 
the 
purpose of this study to determine by survey, 
the 


dence of hysterical amblyopia im a 


this problem could be profitable. It ts 


using perimetric methods, actual ined 


large 
group of unselected eye patients 


There have been many individual reports * 


of cases of hysterical amblyopia and amauro 
but 


statistical 
the 


sis, series of any size, with 


studies, are conspicuously lacking in 


literature. 


MATERIALS AND METHODS 


with vari 
‘T he 
study 


Fight hundred unselected eye patients, 


ous complaints and diagnoses, were examined 


examination for the this 


Visual 


li glasse 


routine purpose ot 
taken 


improved the vision by 


was as tollow acuity was without 


and with glasses 
as much as one line, the examined 


patient was 


perimetrically with glasses on 
The examination was standardized for all patients 
as follows 


to the 


The tangent screen test was explained 


patient. The fixation point for patients with 


normal vision was a gray disc, 1 cm. in diameter, 


Received for publication Sept. 19, 1955 
From the 


Department f Ophthalmology, 


Indiana University Medicine 
This study 
Riley 

Miller participated in the early 


1 to 113 


Whit 
Frank 


James 
Dr 
part of thi 


was supported by the 


comb Memorial \ssociation 


tudy 


* Re lerence 


black headed 
with poorer 
held by a 


seated on a 


bor 
nicreasing 
he 
head tixed in a chin rest 
ted first 
than that ot the 


with a pin at the center those 


vision, white dises, of 


black 


stool with ha 


size, 


pin, were used patient was 


The right eve was te unless the vision in 


leit eve \ 


done to 


that e\ was | 
blind 


and to demonstrate the 


trial 


run on. the pot wa instruct the 


screen 


patient method exam 


ination was done at 2 meters trom the 


10 mm 


using 


white test object. The test was started 


temporal side of the horizontal meridian 


t object was moved in from the blind to 


the seeing area. Subsequent radi at intervals of 


degree were tested, the test being conducted 


areand the sereen in a clockwise manner 


Niter the two eves had heen ¢€ xamuned separately 


at 2 meters, the patient was moved up to 1 meter 


from the sereen and the test repeated, with use of 


a mm. white test object to provide a constant 


angular size 


After the perimetric examination, the corneal 


sensitivity of each eye was tested with a sterile 


cotton wisp as the patient fixed hi 
The patient's lids held 


from. the 


traight 
the 


pase 


ahead were open, and 


wi of cotton was brought in temporal 


side, out of the field of vision, to touch the cornea 
If the 
no feeling, the 
If the 
feel something vaguely, the 


W hen 


sensation of 


patient made no lid re potise and claimed 


graded 0 
did 


graded | 


corneal sensitivity wa 


patient made no response but said he 


ensitivity wa 
there was lid re and/or a definite 
the 


a detinite 


potise 


touch, sensitivity was graded 2 


Lacrimation and/or sensation of discom 


fort was graded 3, and a complaint of pain and 


he ad, 4 


found to have 


withdrawing movement of the 


If the patient was tubular or spiral 
fields, 


Ferree-Rand perimeter. A 


perimetric examination was done, using a 


} mm. white test object 


was used at 330 mm. Two weeks later the patient 


was reexamined on the tangent screen. If the result 


was still positive, another examination was made 


veek 


tings was rey ed in 


after a lapse of two more On this third visit 
the method of te 
deta! (1) The 


test ol Wal 


three of its 


left eve w: tested first (2) the 


moved centriftugally the 
blind 


conducted in a 


(trom 


seeing to area), and (3) the test was 


counterclockwise, rather than a 


clockwise, manner 


the 
| li 
_ 
| 
| 
DL 
|| 
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\fter 275 of the #00 patients had been tested, Taste 2.—Corneal Sensitivity of 800 Unselected 
the conirontation test was added to the study of liye Patients Divided into live Grades from No 
the last 525. This was used as a preliminary test to Maximum Objective Response, as ound in 
to other field studies to determine whether this Controls and im Patients with Tubular 
imple test could serve as a reliable screening tech and Sptral Itelds 
nique, The confrontation test was done with moving 
fingers brought centripetally from the blind to the 
eeing area. It contraction was obtained, the test 
was repeated after roughly doubling the distance 
from the patient 

RESULTS 
\ total of SOO patients attending the ye 


Clinic of the Indiana University Medical 


rotal 74! 100.00 

Center were examined for the purpose of this 
> * 6 indicates none; 4, Maximum response 
tudy ince a number of these patients dine teak 
came from the State Prison, Reformatory, “¢' eth tubular and spiral 
Boys’ School, and Women’s Prison, and 

Taste of Tubular Fields Grouped 
therefore were possibly subject to environ te of Conection 
mental selection, with a higher incidence of 


psychogenic disorders and malingering than Grade with Range, Degrees o. Per Cent 


Mild (21°. 
Moderate (11°.20 


noninstitutional patients, they were grouped 
separately. Of the 800 patients, 135 were 
institutional and 665 noninstitutional cases. 

1. Incidence of Tubular lields.—¥orty- 


two tubular fields were found among the 800 4 Distribution of Control and Tubular 
patients of this study (5.25%). ‘Ten of the fields Grouped into Five Age Periods and Given 
135 institutional cases (7.40%) and 32 of im the lorm of Numbers and Percentages 
the 665 noninstitutional cases (4.81%) had 
tubular fields (Table 1) 

2. Role of Sex in Incidence of Tubular 


lields.— The ineidence of tubular fields was 


Control flelds 
Tubular flelds 
higher among female than among male 
patients, both among the institutional and 
th aSeS, ug 1e Ste 

e nonin tional cases, tho iwh the sta Laterality of Tubular Fields 
tistical significance did not quite reach the 


0.05 level (Table 1) No. Per Cent 
Unilateral 
3. Corneal Sensitivity im Patients with Bilateral 
Other 


Tubular sensitivity was sig- 


nificantly lower among the patients with fotal 


Tarte 1 Sex Jistribution of Tubular, Control, and Other Fields as Found in a Survey of 800 Unselected 


Patients Divided into Institutional and Noninstitutional Cases 


Tubular Control Other Fields 
No Per Cent , Ver Cent No Per Cent 
Institutional eases (185) Males (1% ) J Ky 4 3.23 


Females (11 73 l 


Noninetitutional eases (445) Males (200) 


Females (37 
Hoth sexes (665) 


Total (800) Both sexes 


i’ 
Sev ere 2.45 
Potal 100.00 
00% 
| 
10 740 120 85.58 5 3.72 
eee 7 241 282 97.24 1 0.35 
32 441 629 “59 4 0.00 
ee 42 6.25 749 93.62 9 1.13 
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t 


f Meth ig the lisua tubular ttelds (p<OOO1L) (Table 2), but 


he or ites btaimed * this lack of corneal sensitivity was not a 


saline striking feature of individual cases 


Degrees Degree of Contraction” of Tubular 


HKetween 


lields Pubular fields were grouped ac 


cording to the degree of contraction as 
measured at | meter: mild (21 to 30 de 
yrees), moderate (11 to 20 degrees) and 
severe (O to 10 degrees). In the majority 
of cases (52.380) the tields were severely 
contracted (Oto 1O degrees Table 3) 


most trequently observed — size 


fleld as tmeasured 
second visit. when 4 NEGATIVE 


the sare nie oupared with the 
chanwe sive ured the third init 
when the technique was altered 


Parte 7.—T ype and Incidence of Organte ky 


Disease in Patients with Tubular Fields 


Ineidenee 
(Cataract 
nbetes 
Uveitis 
Macular plaque 
(laueoma 
keratitis neuroparalyticn 
Keotropia 
Drusen retinae 
Fnucleation of opposite eye 


Burn of corne 
Total | TUBULAR FIELDS] 


Undetert 


+ 
20-34 35-49 


+ - 
65-79 


normal or negative visual fields com 
number of tubular fields at varv 

the memence otf tubular treld (it 
number of patients) is significantly 
age period ot through 64 wear 


levres fen, or 23.8%, of the 42 case 
of tubular fields had a radius of 10 degree 
vhen measured at 1 meter. ‘The mean size 
of the tubular fields was 11.3 degrees: the 
median, 9+ dep the mode, 10 deyree 
the range 

5. Rol of -lge im Incidence of Tubular 
lield The aye distribution of our control 
and tubular fields was also studied (‘Table 


4: igure 1) In the population which we 


HYSTERICAL 
Det fe 
Betweer 
cont Visit 
Ni Second Visit 
| 
0 
| 
i | 
260 + 1 
+4 
240 + ] 
Total ! | 
220 + ] 
Phe chanee in sive of the tubule 
1860 + 
| 
160 + 
: 140 + 
| 
120 
100 
80 
| 
60 
| 
one , + - 
5-19 
Grand total ‘ 
Number ot 
pared with t 
® Rest Corrected Lisnal Aewt we period 
Tubular Cases relation to tl 
reaser it tl 
\ ‘ 
\ rut 
\eult Field Cases 
i 
‘ 1 
/ 900 
“77 


tudied the incidence of tubular fields 1s 


iynificantly imereased in the age group ot 


In this age group, Il of a 
over 10% the 


50 to 64, the 


OF year 
ol 
had 
The x 
a p<O02 


the 


total of on 


ot 


patient 
een at aye 
held hy 


correction, gave 


pat nt 


tubular of teria test, 


vith 
hie 
1) 
0.20) 


ale 


apparent decrease m incidence 


field 
did 


Irom 20 to 34 “ag ol ape 


able to be significant 


prove 


Only | 


trictly 


hields 


fields wa 


of 


12 tubular 


Laterality 
24% ) the 
unilateral 33 
(‘Table 5) Ihe 


isted of 5 patient 


(78.5 were bilateral 


remaimimny eiht Cases con 
with only one eve, 2 pa 
with one eve with tubular and the other 


both 


tubular 


tient 


with and | vith 


piral held 


patie nt 


eye presenting spiral fields of a 


character 
wal 


much ha 


7. of of 


tubular 


ice been written about 
tec Witla Wie 


with 


fields bemy sugeye 


the ‘ miner, the patient tubular 


held who for then 


returned 


re tested ditterentls 


the examunation 


rst and in a counterclocl 


ind the test objects were moved centritug 


trom tl to the blind 


tubular field) patient 


for them third visit 


termine whether 
eld obtam a 

ction of the 
patient 


thre 


when 
vith the el 

ven the 
elds wa 


lable 


sith 


econd to tl 


from the 
technique of tal Wig the 
altered 


© demonstrates no stemiicant ditter 


nee between the re sults when the same and 


vhen altered technique was used 

Kel 
Detecting 


lest 


diagno 


the ontat 
he 


controntation test was 


of ont on 


lov lubula 


is the con 


firmed in every instance by the subsequent 


tangent screen and perimetry studies No 
results 


false-positive or false-negative were 
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held defects 
the Ids. 


characte 


obtained Spiral or organ 


vave contraction of the visual but 


these tubular when 


he ked at 


were not it) 
distance ()t the first 
held with 


contronta 


a yreatet 
tubular 
by 


were 


275 patients checked for 


out a preliminary the 
(4.0% ) 


Of the last 525 


SuUrVey 


tion method, 11 found to have 


tubular field patients wit! 
whom the confrontation method was used 
3] ) were 


In 


found to have tubular field 


calculations me gnificant ditference 


between the 4.00% and value were 


revealed 
l‘ields he 


followed 


Puration of Tubula 


pa 


tients im this study not for a 


wert 


ufficient period to permit) an adequate 


answer to this question 
10. ¢ Pa 


Fable 7 


/ actors 
In 


type 


(Jrgank im 


lield 


Vario 


oncomitant 


tients with Tubular 


can be een that ol organi 


found among the 
Thus, the 


condition doe 


the 


condition vere patient 


with tubular fields pre ence 


ome ocular Hot 


clude the tubu'as 


hy 


4% ) 


ence ol 


pre 
teria ()} 
conditior 


pre ented them 


rrectce 
ly 44.79 
Lhere 


visual acuity 


of the tubular treld 


] 


Hy 
the 


Draqnosts terica amblyopia 


by 


Nothing but hysteria (unless it be 


avno ed presence of tubular 


malmneer 


_ | 
— 
visit the 4@ tubular field patients 
three details ol had concurrent orgamie ocular 
left was tested Most of the remainder has 
direction, selves for retraction 
1]. Presenting Complamt of Patients wit) 
area. the /ubular lield \ wide variety of con 
16 returned plamt is encountered It is interest 
ee In an attempt to d that nine had no complaints referable to the 
change in the tubular — ey Phe commonest presenting symptor 
e compared the arene “4 decreased visual acuit nd the next 
tubular fields the commonest was evestrat one complaimes 
he first to. the econd ofa restricted field ot 
: was used 12, Visual Acuity of Tubular Field 
e third = tient From Table & it can be seen that 
Vistula 1) (AR%) of the 42 tubular eld patient 
had a ¢ 1 vision of 20/20 or better 
had a vision of 20/30 o1 
is no. correlation betweer 
the degree of contraction 
| 
COMMENT 


HY IMBLYOPIA 
ing) will produce tubular fields, and its signs 
are classic and easily recognized, 

1. First, 


the 


and most Miportant, the 


fields 


are at what distance 


same size no matter 


they are checked The visual fields may be 


checked at O.5 or at 4 
will 


meters, and the size 


remain essentially constant.? It 


hehtly 


ay 


or decrease but within only 


a narrow range 


2. Tubular 


helds have 


bead or an SY 11 in. sheet ot paper 


will give almost identical isopters 


harp borders \ 


mm 


3 
shape 


Pubular tields are typically circular in 


do not demonstrate the normal widening to 
the temporal sicle 


as though drawn by a compass 


definition, any field 
which is not circular or tubular in character 


Is not a the di 


the lds, 


tubular field llowever, 


hy 
a tubular shape 
the first 


agnosis of other types of terical 


which do not assume mia 


be made 


the 


Irom two 


criteria, which 


are IMiportant one 


+. The diagnosi 


not maingverng 


otherwi 


tlinger 


il] take 


pal 


ad and eve he hysterie usu: 


joys the ination vherea 


he 


the malingerer 


is resentful malingerer 


+ Reference 


5S and 105 


do nothing tor himselt 
of 


conypunetivitis 


olten has sipns 


traumatn keratitis 


Ll ysterical usually 
the 


usually 


amblyopia Is Inlateral, 
sumulates loss ot 


sie 


while malhngeres Vision 


on only 


) Lhe use color tields 4 


complicated 


tine-consumimy, and unnecessary 


6. Hysterical amblyopia 


hay overlay 


that the diagnos 


not be made exclusion but must be based 


on its characterists diagno tie features 
7. \ provisional diagnosis « 
onds by the 
not contracted, it 1s 


hould 
teps and repeat the test 
contracted 


an be mace 


lew se 


If the field is 
If it 


conlrontation. test 
not tubular 
hove k 


If the tield 
about 1 ft 


contrac ted, ore 


several 


are (usually 


ana 


the 


chameter ) the 


the 
tubular field 


lor two 


distance diagnosis 1 until 


proved othe rwise 


of 


found 


Incidence 
Rowe 


lields 
case 


Kowland 


and of marked 
COnce miraction of the visual fields in 


3 


a figure almost identical 


1900) inpatients an 
icle Tice 


RKowl 


of tubular fields 


found ind and 


parent] 


mcidence 


Ink 


ferred 


d 


_— 
Hlysteria is much commoner tl mcidence of 
me’, even m pr fat ind th, ad CTVice with the 
Hysterics may give positive results on some (es i 
) 
of the malingeriny test oO one ot 
not: consider the tubular field 
Place too mu lait in them Lhe ditt | 1 
‘ ot hysteria ilthoueh the niuipority of then 
ential diagnosis is usually easily made on t " 
ily mad Cust ere undoubtedly of th typ 
basis of veneral feature The hysteric j 
examined 193 unselected school 
more indifferent and nonchalant thar 
children for tubular fie'd criterion 
is concentric contraction to 15 degrees or 
‘ 
his par Phe patrent thy 
which fat to take into account the 
hele Of an constriction ! 
harp border nd tubular character of tubu 
hi eld ot Phe reason for tl 
1 Wir found ith in lence ol 
that he sees unconseciou nthe tericall 
peripher I | Tet re hit route OF on Crit Opta 
crowded roe vithenut pine mto obpeect eal ha been done b In | 
hie ot d oon ! 
lhe malingerer 1 blinder than the b'ind he report n case — 
mration Cent 1st 
Charlin ublished pl tograpl demonstra I he 
ver 95] Q addi 
tine he i blind man wi look direct] at Over In 1 he reported on 
person with whos conversing vherea tional case i unable to ive thy 
Orne election wa involved 
wie wh trouble had 
en that patients with such trouble had beer 
patients with tubular fields who were re 
with that diagnosis were not 
this study 
874 


We found that 7.40% of our imstitutional 


and 4.81% of our nonimstitutional cases 
field 


obtamed by making a routine and thorough 


cus 
had tubular These frequencies were 
tudy of SOO unselected eye patients at the 
Medical 
fields in the 


Indiana University Center Phe 


incidence of tubular private 


practice of ophthalmology does not appear to 
he nearly this high, but it certainly ts not 
condition 

Kole of Sex m the LT ubular 
lields 19 cases 


of hysterical amblyopia, 13 were female and 


Incidence of 
Yasuna found that of hi 
male This conforms with our experience 
In our noninstitutional group, tubular field 
than twice as 
The previous 


brikke 


also support the much greater meidence ot 


were more common among 


female reports of Utgott 


Krone, and (cited by Gurviteh ®) 
tubular fields among females 

(Corneal Sensitivity in Patients with Tubu 
lar / wlds 


long 


\Ithough corneal anesthesia has 


been considered characteristic of 


hysteria, there is a difference in opimion as 


Miller 


corneal anesthesia in 17 of 


to its incidence found bilateral 
19 soldiers with 
the diagnosis of psychoneurosis hysteria. In 
another group, of 50 men with hysteria, 47 
had bilateral corneal anesthesia 
that 


amblyopia had corneal reflexes 


Halpern 


found 14 of his 15 cases of hysterical 


Yasuna 
found the corneal reflex diminished in only 
2 of his 19 cases. An explanation for these 
differences of opimion im the literature may 
be had by fable 2. Only 3 of 
12 cases of hysterical amblyopia had 
\bsence of the 


control 


relerence to 
our 
reflexes 


absent corneal 


corneal reflex was also seen in our 
fields and in those patients with spiral fields 
In our experience, an absent or diminished 
corneal reflex was not a striking feature of 
individual cases of tubular fields. [It 1s true 
that corneal sensitivity of the group ot tubu 
lar field patients was significantly reduced 
when compared with the control group (cal 
culated by the y° method). In the majority 
of the tubular field patients in our study the 
corneal sensitivity was significantly reduced, 
but not necessarily absent. It thus appears 


eC HIN OPHIHALMOLOG) 
that the differences of opinion found in the 


literature may be due to a difference in 


criteria for presence or absence of corneal 


anesthesia 
Degre ot ( ontraction o} ubular lields 
Yasuna found tubular fields to vary im. size 
between | and 35 degree our range was 
to 25 degree 
had 


tion below 20 degrees. The 


field is about 10 


from 2 (of Halpern’s cases, 


two-third concentric tubular contrac 
tubular degrees when 
measured at 1 meter, and most of the cases 
and 

Tubular 


Of Yasuna’s '“* 19 patients, & 


will fall around this area (‘Tables 


Kole of Age im 
/ 


from 9 through 13 years of age, but he had 


Incidence of 


were 


no information regarding the age of the popu 


lation from which his patients were drawn 


The studies done by workers in the armed 


Paste 9 —Degree of Contraction of Tubular 


Median 
Degrees 


Mean 


Dew rees 


Mode 
Author Dey rees 
VYasuna 


Schlaegel and Quilala 


services are also of little help to us because 


of the selected population. loster Moore 
saw three patients with hysterical blindness 
Since it is difh 


fields on 


under the age of & years 


cult to determine visual young 
children, we did not check them under the 
age of 5 years, and checked very few in the 
routine eye patients under the age of 8. Our 
with tubular fields 


youngest patient was 7 


years old 

Krone (cited by Gurvitch ®) saw 20 cases 
in the second decade, 15 cases in the third 
decade, 6 cases in the fourth decade, 2 cases 
the 


(cited by 


in the fifth decade, and only 1 case in 
sixth tgoftt 


that 72% of his 


decade of life 


Giurvitch found cases 


were found in patients up to 30 years of age 


From our reading and previous experience 


we had been under the impression that hys 
terical amblyopia was commonest in children 
and young adults and were surprised to dis 
cover that the age group with the greatest 


incidence of tubular fields was the 50- through 


HYSTERICAI 


We, 


control 


the 6+-vear apparently 


were the first group and 


subject our findings to tatistical analysis 


Phe reason for the misconception that we had 


is well demonstrated in the higure, where 


it can een that the |: yest nuniber ot 


11 
fields Was 


patients with tubular in the 5- to 


19-year period, but the control curve 


age 


shows that there were more eve patients 


of all type in this ave cateyvory It was only 


when calculated percentages and con 


ducted statistical analyse that we found that 


the only age period during’ which there wa 


it meres Wiel 


at other 
and 


yroup 


thre ible 


po 


rontation test 


nal the 


i rapid and reliable 


conmtrontation. te 
te 
hould 


| 
| juIVvocal Cast 


tangent screen studies 

Patient 

<hibited 


thei 


tubular the unblyopia 


cient to reduce acuity to 20/30 
14.7% 


4) or less 


or le In our 
had a Vi 


Phu 


erie olour patient 
ual acuity of ZO 

reduced central acuity 
invariable associate of tubular tield It 
would appear that the term hysterical amibly 
opia frequently is not appheable Yasuna 
had an 


20/200 


found that two-thirds ot his patient 


initial visual acuity of 20/100) or 


llowever uvvestion the corrected V1 


ston Was to 2 20/40 


In most of our 


some mstance £ 


patients the visual acuity was recorded after 


when suggestion tends to secure 


We 


did Yasuna,t that the reading of the chart 


a retraction 


an improved visual acuits found, a 


with long 
the 20/100 


was typically slow and dehberate 


pauses between letters, whether 


t Reference 17 and 109 


or the 20/30 line was being read. Changing 


lenses, without any change in dioptric power, 


vill enable these patients to read down a littl 


farther on the chart 


(MMARY 


Ihe tubular fields of lhysterima are 
chagnosed trom: the 
(a hie 


hie 
hye 


followimy criteria 


fields are of the same 


what the distance 
ln rdet 


field ts 


h iT} 
rehable 


hie 


il 


comtrontation 
creenmeye technique 
method 
mcidence 

tubular te 

in this study 
Pubular 


ith organic 


C 


patient le chagnosts 


thy til 


varied trom 2 to but were 


common 1O degree 


ured at lometer 


ontral popular beled thie 


eric were commonest bet 


the ave of 50 and 64 


Reduced vi 


COMO 


had 


ual acuity wa thre 


hut Ve 


pres ntiny complaimt, 
complamt 


Although amblyopia onimnonly a 


ated with tubular fields, the visual acuity a 


refraction was 20/20 or better im 


hie V1 


uch 


ult of 


of our case frequenth 


uyyvestion and en 


Miprove by 
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Field Defects in Exophthalmos 


THOMAS R. HEDGES Jr, MD 
and 
HAROLD G. SCHEIE, M.D., Philadelphia 


recoyvnize cl that exophthal 


nos associated with thyroid disease can be 


accompanied by visual loss due to involve 


ment of the optic nerve. Loss of vision 1s 


used by many as an indication for surgical 


decompression of the orbit in patients with 


progressive exophthalmos. Through a better 


understanding of the factors responsible tor 


such visual loss a more reasonable ditferen 


tiation made between those pa 
tients who 


those 


hould have conservative therapy 


and who hould have in addition, 


1On 


orbital de« omipre 
his 
defects 


report concerns six patients m whom 


could) be demonstrated central 


held 


olvement 


visual indicative of optic nerve in 


within the orbit similar to opty 


or retrobulbar  neuriti lhree patients 


both 
eyes, and in three patients nerve fiber bundle 
1, Cases 3, 4, 
Although the pathogene ot 


showed pericentral scotomas mo one of 


defects were pre sent (hig and 
uch opty 
associated with thyroid dis 


both 
factors have 


nerve cle tects 


ease is unknown, endocrine and me 


chanieal been sugvested,* cde 


pending on whether placed 


emphasis 1s 
the thyroid 
We 


evaluated the endocrine status and 


primarily on relationship to 


dysfunction or on local ocular changes 
therefore 


ocular manifestations in the six cases 


pre 


ented here in an attempt to determine what 


Kecenved tor 
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correlation, if any, exists between the severity 
ot rthyroidism, the deyree al exophthal 
and the field defect \ll of 


these patients had complete phi ical, endo 


mos, existing 


studies with a 
No 


CASE Wa 


erine, and ophthalmologa 
follow 
of 
Which 
the 
had diabete 


ot pregnancy 


up oot ) to 12 month other 


neurologt found 


vould account for imvolvement of 


nerve, although two of the patient 


md one was in her sixth month 


Pertinent endocrine and 


findings at the time these 
isual lo 


ophthalmology 
and central 


the 


patients cle eloped 
field detect are accom 


Wig | 


the patients had had hyperthyroid 


at some time, but at the time the field de 


lect oceurred only two were moderately 


nuldly toxie or in 
Lhe 
who had hyperthyroidism: de 
field de 
the 


th roto. were 


) vo were euthyroid 


two patient 


veloped blurred vision visual 


fect vithin a few weel after onset 


metabolic disease In both imstances 


field 


two 


of ther 


vision and returned to normal in ap 


proximate] month lhe overactivity 


of the thyroid was controlled in four month 


in one patient and in four to five weeks in 


the other | heretore, although there wa 


a correlation between the onset. ot hyper 


both 


control of 


and the visual difficult 
debatable 


thyroidism 


patient it 4s whether 


the thyrotoxte state had anything to do with 


repression in the optic nerve defects in that 


recovery ot vision occurred prior to control 


of the thyrotoxic state in one patient and 


lhe 


reniission of 


after control in the other remaminy 


four cases were im were euthy 


Re 
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il 
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: 


roid when the optic nerve involvement be 
came evident, Therefore no correlation would 
ecm to exist between thyroid dysfunetion 


and the ocular manifestations in these pa 


tients 
he degree ole <ophthalmos 
(Patients 3 


which the proptosis was moderately severe 


aried greatly 


In two in tance and +) 


and asymmetric by 3 to 4 
field 


More 


mm., the more 


pronounced visual defects and visual 


le occurred in the ophthalmic eve 


I:ndocrine and Ocular Data in 


Endocrine Status 


tte toxleosls 
(Diahetle) related to on 


Mild toxleo 

under control: no rela 
to onset of fleld 

defect 


and remission when 
exophthalmos and fleld 


defteet oecurred 


ithyrold 


(Severe 


patient had 
witt 
j emission and of 
extract: BME. 


(%) all around 


Kuthyrold: previous 


hxophthal 
operation, t athe 


it hoe ev) ive 
trrent 

cosis: around envorgenie 
ba 


but here the More pronounced 


Iwo case Ss pronounced asymmetry 
(2 
detects were on the side with less exophthal 
ios, Congestive phenomena were present 
ina moderate to marked degree in all pa 


exophthalmos thyrotoxicosis 


tents except one (Patient 2), who 


moderate 


but no congestion of the lids or conjunetiva 


\ithough five out of the six patients did 


have prominent congestive signs externally 


only one patient showed retinal 


Venous 


engorgement, retinal edema. and 


papilledema 
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Central scotoma Wis present bilaterally 


two 


and unilaterally in three 


had 


average 


patients 
| hree bundle de 
the 


field defect 


patients nerve fiber 
fects 


he 


and demonstrable 


duration of visual 


Was ap 
proximately two months, and in all instances 
helds 


except one vision and returned to 


normal In one patient (Patient 6) partial 


optic atrophy resulted 


had re 
the 
patient in whom orbital decompression 


alter vision 


turned from 6 150 to 15 Thi Was 


only 


phthalmos and Thyroid Disease 


Wa performed, and, though ne 


postoperative improvement was found, it 


nay well be that more serious damage wa 
prevented ly the procedure 
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1953. reported 


“retrobulbar neuritis” 


Davis and Bastenie. 


Inlateral I a patient 


with progressive associated 


had 


been present tor a long period prior to the 


exophthalmos 


with thyrotoxicosis Hyperthyroidism 
onset of the visual disturbance, and recovery 


was complete without resort to orbital de 
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te tte prom. white mo. with return to 
moder eye with | prop “ and 
al in became para flelets 
ection ted central at mo 
Hertel educed to 
10: minimal dia 
betle retinopathy 
ios and Hilateral central «eo Duration: 69 mo. with 
evere te t; papilledema optic atrophy, partial 
ous OD andl OS ap mel ¢ OS. re 
t and ‘ reduced to turned to 6.6 vision 
Hertel 
(Fig. 2C) 


slight exophthalmo congestion ; Inlateral central 


s and moderate congestior unilateral nerve fiber bur detect 


and congestion ; bilateral central scotoma, with pa 
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Al 
— — 
he 
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compre hon empha ized that, although 


opt nerve tation are 


these 


olten men 


tioned im the literature, reports are 


not accompanied by visual fields to substan 


tiate the 
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lear to one eye or the Lhere no thre uppre ion or related phen mena. 
reason that one of the eye hould alway the optical effeets of the pectacle lenses 
be deprived of dear cted 
rived ol Car uncorre eq ( aT lint cat Aniso-OXVODIA 
fact “appears to develop in childhood and to be 
object at any distance will be clear without oh | 
issociated with ( sence ot ear image 
ome degree of accommodation, It en) ear] tac nthe cle nt of acuit 
( that the ama then. in order to « it n 
oni tha mnount of accom MATION vould desirab'e t provide early ne 
nece iry to clear the tage adeqauate refractive cort tion for aniso 
hyperor | ore 1} ‘ 
pie eve hile the more hyperoy ey eihotint yperopia, particularly that invol 
| | 
Vill never enjoy goo resets 
} WO { In hie ] ing astionua 
lata itis the more hyperonpic (‘wor ") eve 
: Obviously, many factors must be taker 
that how tiie lower acuity m unequal COT 
into account im ce ne with the vision of 
rected acuity 
children. Early optical correction in childret 
not alway pract il, and one must bear 
i tr 
; in mind the occasionally contrasted goals of ; 
visual comfort and iso-oxyopia. Further 
«ily 
" more, in view of the high incidence of un 
SUMMARY 
| 
= 


or astivinia ometropla 
one @y were studied statistic: 
attention w 


occurrence 
as given to the relation 
ual acuity to certain retrac 
hetween tl 


in thas 


ample, since thie 
anisometrop ta does not 

ynificantly 

\ | 

V1 


between the my 
hyperopi yroups 
is done on the 


ted 


acuity 
| 


longitudina 
ildren fron 
y a number of he ay tall 
It should be emphasized 
w corrected acuity 


acteristh 
of the 


le adult condition 
tend to be unequal cor 
of the 


dynam ot 
only 


wh a study 
| desirable 


hyperopa nonstra! 


In the 
ough unequal 


tated 


al at 
d 
corrected acuity 
intsometropia, 
r incidence in hypero 
i 


chiscontinuity 
ution ol acuities or 
knowledge the origin of the condi 
with it tion, or of its response to 
pla ts not we have 
incidence 


avoided thie 
ol ani 


treatment 
yreater 


the 


iniplications of 
term 


amblyopia’ and have u ed 


| AI CORRECTI \ { j 
tropla of 
1.00 D. in 
Particular 
Ol corrected 
tive difference it 
Phe following are the essential finding unetropia differences hetween meridians and 
' lL. When the es are sorted on the basi astigma difference the following results 
v of equivalent spheres, there a striking di vere apparent 
erence between myopia and hyperopia im a) In the hyperoprn mple there wa : 
the relation of the corrected acuities an marked nd st tistical init 
Ne eye pall tendency toward lower corrected acu 
; (a) Equal corrected acuity (1s0-oxvopia ) ity im the eve th anv or all of the 
rit commoner myopia ta ving 
. than in hyperopia 1) Great 
bh) Une il corrected acuity aniso ry tes et the vertica 
pia) are bot] nificantly com 
mone! nds re h Ineher value ( ( ter amet the he nti 
The corrected acunt of the “better” hie treneth of thi sociation 
far eve decrease il rected cunt ind relractive dit 
m though not strikinegl vith imerease ferences 1s indexed by multiple correlation 
in ametronia thre decre beme coethoent ot / O7(8 
: hehtly more rapid n hyperopia tl il mivont there is a 
in myopia. The average does not fall much |e marked tenden of the 
hel 20/2 kind, OF the three kinds of re 
i 1) The corrected acuity of the “worse fractive differences constlered, onl 
. eve in mve i falls with increase in differences in astivmua yielded a sta 
ametropia slightly more rapidly than tistical ionificant reyression coeth 
that of its better fellow rent. olf is 
e) The corrected acuity of the “wor vhich, though statistically sigmificant . 
eye in hyperopia Is with increase Is not large et h to indicate a very 
of etropia lenificant'y more rap trong relationship between acuity 
than the. acuit for ite better difference and refractive difterence 
fellow or the acuity for either the § nce only the relations at the time of 
‘better r the ‘worse’ eve in examination, and not their development, are 
‘ myopia hown by the data, no direct light is thrown 
f) In conse 
rected 
lower 
has 
workes 
. that | 
char 
eye 
pair 
gy) Altl 
Is a 
yreate 
due 


imstead the noncommiuttal word “aniso 


oxyopia” for the observed unequal 


corrected acuity 


There is evidence that if the eve is 


deprived of clear images in. early 


tayes of development, at least before 


the ag ol 6 year acuity seldom 
constituting the 


‘Thi 
the 


reache normal level 
o-called “amblyopia of arrest.” 
well 


ent Case 


nay have been a factor in 
but, unfortunately, rec 

are not complete enough either 
) prove or to disprove the point 
the 
ted 


thre 


It moa he argued that it ani 


ometropia were not corre early 


the conditions would favor dit 


ference observed between myopia 


and hyperopia lor if hoth eve are 


there 
hu hi 


with 


myopl in cifferent deyree 


exists for each eve a distance at 


obtained 
thi 


i clear image may be 


out accommeadation on other 
hand, in hyperopia no object at any 
maged with 
hoth 


amount © 


distance may be clearly 


out accommodation. lor 


md far objects that 


commodation will probably be im 


which will give a clear image im the 


le hyperopie eye, and it more 


hyperopie fellow wall) never enjoy 


‘ le ar 


It pos ible that the 


visual 


unequal cor 
had a 


muxed origin, involving other factor 


rected acuity observed 
aniseikonia, and 


the 


uch as suppression 


optical effects. Llowever, hypo 
| | 


thesis of accommodative posture in 


had 


amsometropia which has not 


early refractive correction is 


appealing 
2400 Clay St 
REFERENCES 


1. Linksz, A Standard Visual Acuity (hart 


\m. J. Ophth. 37:803, 1954 


2. Weymouth, Ff. W., and Hirseh, M. J 
Growth of Kye, Am. J. Optom. & 
\cad 27:317, 1950 


Rela 


tive the Arch 


\m Optom 


Amsterdam, 1909 
1909 


Dissertation 


Ophth. 40:72 


Broekema 


lahresh. Leist 


HITT OPHTHALM 


Amblyopia fron 
Kingdom 41:129, 


‘ 192] 


27:64) 


Vision im Ar 


1944 


ometrop 


BIBLIOGRAPHY 


94 1949 
The ‘Te 
17:610 


and 


isual Acuity, Am. |. Ophth 


ink, W \n 
be Am. | 28:701, 194 
bisher, | M Amblyopi 
commodation ovet 
\ 
1940 


ation of Naisual A 


t} 


\inblyop 


Frenkel, H 
45: 209 


Mon 


1928 


lateral 


Significance 


Without Gla 


bry 
ment 
1948 
Amblyopia 

phth. 28:140. 1932 
sranstrom, K. 
Myopia 


Unilatera 


1932 


Studies on 


Acta ophth. 10: 348 


Disuse 


Identical Twit 


( 
\dler, | H., and Flegelman, M Influence of 
bixation on the Visual Acuit Arch Opht 
12:475, 1934 
Barkan, H andl Borley, W. | banuhal Cornea 
Plana, Cor wated | Cataracta Nivra and 
(glaucoma, Am. J. Ophth. 19:307, 1936 
view and ere | ranial \ 
tet Unilateral Myoma, Bull pht 
ranece { 10 }049 
Bourquir \ Incidence t [Disease in Amblyopu 
ye Ophthalmologica 19 
ind Essence, AW Mo Areh. Ophth. §1:41 
1954 
e clin. ocul, $§:345, 1927 
( rawtor | wa ( incl | 
Relatior Between‘ \cuitv and ike 
tractive Error in Myopia, Am. J. Ophth. 28: 
1220, 194 
‘ emitz, dase t the bye i 
delphia, W. B. Saunders Company, 1924, p. 571 
tees, Arch. Ophth. 68: 157, 194 
104 
burther Studs Ambly i 
Am. J. Ophth. 32:1 
\ 1934 
tion and Ac 
M j 39: 
| \yopia Arch t 
. 
isual Acuity Measure 
Am. J. Optom, 28:199 
= 


imblyopia as a 
1946 
Visual Acuity 


34:418, 194 


Amblyopia ex psia Observati 


nal Inhibits Scotoma, Projyectior 
Ditterence Visua 
1948 

Marked 


}U39 


rmination and 
46:527 
\. de 
21:87 
Phe brequen 
m, Arel 4:873 
ind MeDonnald, ¢ 
ia, Am. J 
M \mblyopia 
39:13, 1948 
uckiesh, M., and 
matism tive 
Ophth 26: | 
McMullen, W. H on Antsometre 
Tr. Ophth. So Kingdom $9:119, 1939 
Morgan, G. F Amblyopia ex 
Armed bkorces, Am. J 
Peter, L. ( 
Am. J 


1020 
Hereditar 
14:46, 193) 
\nopsia Arch 


Ophtl 


Anopsia the 
Ophth. 29:713, 1946 
Adult Lite 


Amblyopia ex 


Ophth. 15:493 


\nopsia in 
1932 


Young, J. H 


Unaided Visual Acuities Correlated 


Retractive berrot \m. J. Ophth. 29: 
1946 


Higher Retractional 


Different Groups and 
phth. 32:S561, 1949 
Visual Acunty 
1951 


Measurement of 
45:704 
Gallagher, J. Changes it 


\dolescens 


Ophel 
335406 
Suppre 


27:469, 1944 
Myopia, Ne 


Hig! 
1950 


Hypermetropia, Am 


\iblyoy a Am 


Lmilateral 


High Myopia wath Grood Visio 
ital. 10:19, 1937 


nsiderations and ke 


earches on Retinal 


hips an 


\nisometrop 


Persons, Rass 
2:1037, 1933 

Vaardenburg, P. J \nisometropia and 

Klin. Monatsbl 


Corneal 


Retraction, Nugenh 


1930 
Amblyopia ex 
Ophth. 24: 297 


Ano 
1940 


iam Children 


Brit. J 


\/ TI { / \ INISOMET ROT 
Hallett, J. W.: Amblyopia Independent of Usual Pincs, Mh: 
Condition \. M. A. Arch. Ophtl 
45:64, 1951 R53 
Military Problem, Schmer!, 
wil 
brequeney 
Hirsch, M ind Myopia, Arel Countrie Am. J. 
oan, L. | 
Sloane \ 
Visto 
33:1 
Southgate 
sugar, H | 
Su rd. med. @:279 
1041 
vestnil 
DOS 


Testing Effect on P 


al 


MATHEW ALPERN, PhD, Ann Arbor, Mich 
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changes in the phoria with change in the 
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phoria as the accommodative the mie urement obtamed ata fixed stimulu 
: tate of the observer changes | heen stud to acconmnodation v more esophoria. Un 
: ied to some extent in the literature nil the fortunately, they did not attempt to measure 
lineal appheations of some of the principle the aecon «lative response nd the degree 
heen is an uncertain variable which makes inter 
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. different er experiments not 
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engt und a movable ne (Hor H’') 
two light were aligned vertically one above the 
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the proce repeated 1 hie ime procedure wa 
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Fig. 2—Typical results of the experiment on one observer (A. R.) Phe ordinates ot 
each graph represent accommodative responses, and the abscissas are values of the phoria in 


degrees (increasing esophoria toward the right.) Beginning at the top and going from right 
to left, each graph represents data obtained at successively closer testing distances | he 
number m each graph represents the reciprocal of the testing distance in meters Phe poimts 
are the means of three independent measurements, while the straight lines have been fitted t 


the data by the method of least squares Phe horizontal line on each graph shows the magni 
tude of the phoria at zero accommodative response 


irom left to right, is associated with suc been drawn in on each of the graphs in 
cessively closer testing distances. The recip igure 2 
rocal of the testing distance im meters ts Since the data in Figure 2 are exactly 


given in each figure for identification, It is typical of data obtained from the other ob 
apparent from the data that the variation in servers, and since in each case the data are 
phoria with accommodative response ts quite adequately described by straight lines, fig 


reasonably deseribed by a straight line of — ures like those in Figure 2 are not presented 


positive slope. This proved to be true for for the other observers. Instead, in the in 
each of the 11 observers studied in the pres- terest of conservation of space, only the 
ent experiments. The best-fitting straight characteristics of the computed best-fitting 
line for each set of data and for each of the — straight line are presented. A straight line 


observers was calculated, using the method can be described completely by only two 
of least squares. It is this line which has constants. For the present purpose the two 
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Fig. 3 
of the 
slope in degrees per diopter 
right-hand graph presents 
average deviation 


F each of the 11 


abscissas 
the 


testing distance tor 


mean ot the 
constants more or less arbitrarily selected 
are (a) the reciprocal of the slope in de 
grees of phoria change per diopter of ac 
commodation and (>) the phoria value for 


zero accommodative response 


The Reciprocal oJ the 


selected, 


Slope 


represents a 


This 


value 


Was 
since it which 
has been studied at some length and is uti 
the of the 
patient's prescription.” Morgan refers to it 
as the AC/A, i.e., the 


vergence associated with each diopter change 


lized clmically in formulation 


accommodative con 


in accommodation. The variation in the re 
ciprocal of the slope with testing distance 


for each of the observers is plotted in Figure 


Variation in the reciprocal of the slope 
observes 
reciprocal 


re 


1 the best-fitting straight lines as a tunction 
ent reciprocal of the 
The lower 


with the 


Ordinates repre 
of the testing distance in meter 
its for the 1] observers, together 
3. In this Figure, each graph gives the re 
sults from a different observer. The ordi 
nates in each curve represent values of the 
reciprocal of the slope in degrees increase in 
phoria per diopter of accommodative re 
sponse, while the abscissas are values of the 
reciprocals of the testing distance in meters 
marked 
\re these 
variations merely a product of poor precision 
the 


Kor each observer there was a 


random variation in the AC/A 
in individual measurements of accom 
modative response and phoria? Each value 
ior the AC/A was caleulated from 30 rea 


sonably 


precise and it 


peared unlikely 


measurements, 
that 


ap 
such wide variability 


TEST|NG REM ENT 
| | sc. | 
| A.R. | B.M. 
oO oO 
| | | — | MA. | 

WB. | | 


could be attributed to this lack of precision 


Nevertheless, 
of the ol 
individual measurements 


a further statistical analysis 
Kk 


illustrated 


data the observer A. (whose 


are in 
Figure 2) was made in order to give a deti 
It should be 
emphasized that the magnitude of the ran 


AC/A for A. R 
ther the largest nor the smallest of those 


nite answer to this question 


dom variations im were nel 
obtained but represented, rather, typical data 
For each testing distance the 
of the 
calculated for 


for the group 


tandard deviation regression 


efficient was the best-fitting 


and from these data the 95% 


AC/A 


These results are summarized in 


traivht line, 


limits of confidence ranges ol were 


determined 
Dante 1.—Statistical Analysis of AC/A Values for 


Testing 
Distance, 
om 


Degrees 
Diopters 


Mean 


Fable | 
testing 


, in which the first column gives the 
the 


(degrees pet 


distance in centimeters, second 
the AC/A 
opter) as determined by the reciprocal ot 
the the 
determined by the method of 
the third 


95% confidence 


column gives di 


slope of best-fitting straight line 
least 
the extent of 
of the AC/A 
(degrees per diopter ) as calculated from the 
of the 


It is apparent from even a cursory 


squares, 


and column gives 


the range 


standard deviation regression co 


efficient 
ylanee at Table 1 that the random variations 


of the range of the 95% limits of confidence 


in \ were much larger than the extent 
Clearly, the problem is one of the reliability 
of the haploscopic measurement of the AC/A 
as a whole rather than the precision of the 
individual measurements of accommodation 
and phoria 

In order to remove the etfect of different 
testing distances, a few measurements were 
test-retest at the 


made of 
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a nature same 


M 


A. ARCHIVES OF OPHTHALMULOG) 
These data contirmed the 
the AC/A 
lor example, for Sub 
com 
method ot 
the 


1) 


testing distance 


random fluctuation of shown in 
Table 1 and Figure 3 


ject 


a calculated 


measurement at revealed 
AC/A (by 
1), with 
dence range limits of 2.17 
2.42°/D 


the same 


least 


squares) ol 2.29 95% confi- 


lower) and 
(upper). However, repetition of 
conditions 
to 
(caleulated 


3.67 


procedure under 
nearly alike 
yielded a 
method of 
the 


larger ) 


AS 
obtain 
by the 

1), with 


as it was_ possible 


AC/A 


square >) 


retest 
least ol 


95% confidence range limits (somewhat 


3.11°/D $.50°/D 


Such data emphasize the necessity 


(lower) and 
(upper) 
ola 


of Af 


viewing conditions 


detailed haploscopic study of variation 


\ ina single observer under constant 


The random fluctuations in A¢ 
tained in this study 


\ as ob 
throw some light on the 
seemingly contradictory results recently re 
ported by Westheimer Using similar test 
ing procedures, single (20 it.) 
he that the 


tionship between phoria and accommodative 


at a testing 


distance, found obtained rela 


(in two 


better 


response observers ) 
he by 


, curvilinear rather than a linear) equa 


could some 


times deseribed 


a quadratic 


tion, Detailed analysis of his procedure § 


incicated, however, that his individual de 


terminations were made over a more ex 


tended period of time than in the present 


study the random 


als 


AC/A 
escribed in the present study were oper 
hi 


tionship might readily 


variations in 


ating im experiment, a curvilinear rela 


have been obtained 
over an extended testing period where more 
rapid measurements 20 


(complete within 


minutes) might Such 
speculations can only be verified by further 
experiment 

The 
enced observer in 


of AC 


anticipated on the basis of current theory, 


reveal straight lines 


wide variation in the same experi 


Successive measurements 


\ found with the haploscope is not 


which treats such data as though they were 


reasonably invariant Since these values 


§ Westheimer, G 
the authors. 


Personal communication to 


References 11 to 13 


| 
Limits 
ald ot * O18 
2.65 + 
> 
lin = 0.20 
6] 1.74 0.12 
0.272 
24) = 0.482 
+012 
1.05 0.19 
w 2.19 
214 0.19 


TESTING DISTANCE EFFECT ON 


were obtained by statistically fitting each 


of 30 measurements (in which both accom 


modative response and converyvence are more 
precisely measured than in the usual clinical 


situation) with straight lines, these fluctua 


tions also lend some question as to the extent 


to which we can rely on the clinical measure 


ments of the AC/A as a major factor in the 


diagnosis and treatment of discomfort symp- 


toms Both these theoretical and clinical 


unplications of the present findings must 


await further experiment, however, before 


theory and 


attempted It is 


adequate revision. of practice 


may be sufficient for the 
present purposes to point out the imconsist 


encies that they represent 


Leaving aside, then, these random fluctua 
the AC \, 
to be any consistent variation in slope with 
distance. As a first 


most 


tions oft there does not appear 
testing 
the 


be that 


approximation, 
reasonable 
the AC/A 


pendent of the testing distance. This is true 


assumption seems to 


ratio 1s relatively inde 
not only for the measurements on each indi 
also for the 


the 


vidual observer but 
the 
latter findings 


average of 


results of all of observers. These 


(together with their average 
deviations) have been plotted in the lower 
right-hand graph in Figure 3. These results 
are in agreement with some data reported by 
Morgan ‘ but ditfer somewhat from the find 
who studied the 
the 


They found that 


ings of Sc hape ro and Levy, 


variation in phoria with variation in 
stimulus to accommodation 
the slope of the phoria line increased as the 
It seems reason 
able to attribute this diserepancy to the fact 
that tivated the 


relationship of phoria to the accommodative 


testing distance decrease d 


Schapero Ley Inve 


stimulus rather than to the response 
Phoria Value for Zero 


Response.—-Since the general pattern of the 


Accommodative 


slope remains relatively unchanged with test- 


distance , the 
be studied by 


ing ettect of testing distance 


may observing the manner in 
which the phoria at any given accommoda 
tive response level varies. For the sake of 
convenience, the value of zero accommoda- 
tive response has been arbitrarily selected, 


since this value would correspond to the 


PHORI, 


{ Mi 


Lhe 


way that this value change s for the observer 


phoria clinically measured at infinity 


whose data are illustrated in Figure 2 may 


be obtained from the length of the horizontal 


line drawn in each of the graphs in that 


igure I hie data tor each ot the ob ervers 


has been summarized in Figure 4.) In this 
figure each graph represents the results tor 
The ordinates in these 
the 


distant 


at cditferent observer 
changes in 


the 


vraphs represent the 7eTo 


level phorias (assuming most 
zero level phoria as zero) in degrees, while 
the abseissas are values for the reciprocal 
lor the 


comparison, then, each graph begins 


of the testing distances in meters 
sake of 
at the extreme left at the zero level of phoria 
Phe absolute value of the zero level phoria 
at the yvreatest distance 1s 


testing yiven in 


each of the graphs (plus values indicate 


esophoria ; minus values indicate exophoria ). 

The most important conclusion which may 
be derived by inspection of the data is that 
there were marked individual differences in 
the 


changed 


way which the 


zero level phoria 


with decrease of distance 


the 


testing 


Some ot observers showed a marked 


increase (1.€., more esophoria) in the zero 


level phoria; others showed a slight decrease 


in zero level phoria with testing distance, 
while still others showed virtually no change 
in the zero level phoria with testing distance 


The data lor the observers do not seem to 


group themselves into definite cateyories 


Rather, the patterns ot response appear to 
he spread out on a continuum. At the one 


extreme may be who showed 


found observer 
a shyht decrease in phoria with decrease in 
testing 


distance (B. G.). Other observers 


showed no very marked change in phoria 


,W.B., 
\t the other extreme are 


with decrease in te 
and R.S.) 
who showed a marked increase in phoria with 
in testing distance (S. A., M. 
\. R., R. A., and, especially, M. A.). Vir- 


tually stage between the extremes is 


sting distance (S,¢ 


these 
dec rease 


every 
represented hy the observers studied in these 
experiments. The way in which the phoria 
changed with testing distance in each of the 
observers does not appear to be related in 


any obvious way to the absolute value of the 
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IRCHIV PHALMOLOGY 


PHORIA ~ DEGREES 


2 2 
RECIPROCAL OF TEST DISTANCE~D/OPTERS 


Fig. 4 
11 observers 
zero, and the 
level phoria at the largest testing distance 
esophoria). Ordinates represent change 
testing distance in meters 


in the 


zero level phoria at the farthest testing dis 
to the age of the or to the 
type oO. spectacle correction that he required 


tance, observer, 

The marked individual differences of these 
data emphasize the danger of attempting to 
obtain conclusions by averaging the results 
of such experiments on a large number of 
subjects. This may most easily be illustrated 
by study of the data in Figure 5. These data 
are the mean changes in the zero level phoria 
of the 11 observers in the present study. 
The ordinates are the averages of the changes 
in the zero level phoria, while the abscissas 
are the reciprocals of the testing distance in 
meters. Although the mean data showed a 
rather linear increase in phoria as the recip- 
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is given in each graph (positive 


Change in the zero level phoria as a function of the testing distance for each of the 
The zero level phoria at the largest testing distance has been 
rest of the data have been changed 


arbitrarily set at 
value of the 
values represent 
reciprocal of the 


accordingly. ‘The absolute zero 


zero level phoria; abscissas, 


rocal of the distance increased (at 


least through the middle testing distances), 


testing 


this pattern was not followed with any regu 
larity by any of the The 
data suggest that changes of phoria with 
distance much larger than 5 
anticipated, It is 


11 observers mean 
‘would not be 
the data for 
studied that the 
rather marked effect of the testing distance 
on the phoria becomes apparent. It should 
perhaps be added that, the mean data 


in Figure 5 do not reflect the pattern of any 


when 
each individual observer are 


only 


while 


of the 11 observers in the present study, they 


are similar to results described by Morgan’ 


on an unspecified observer or observers 
under 


more limited testing conditions 


| 
‘Ta poo poe [a meas | 
| 


TESTING DISTANCE EFFECT ON 


PHORIA MI 


{SUREMENI 


& 


MEAN DATA 


/1 OBSERVERS 


/ 2 


CHANGE IN ZERO LEVEL PHORIA~ DEGREES 


hig 
observers 
of the testing distance 


(ordinate 
in meters 

Does the nearer testing distance increase 
the accommodative response to a given stim 


ulus to accommodation 2 In order to answer 


this question, the average of the accommoda 


tive responses was compared with the aver 


age stimulus to accommodation for each 


testing distance. The data for the individual 
observers all showed the same general trends 


The the 


stimulus minus the accommodative response 


average value fort accommodative 


for each individual measurement and for all 
of the observers, together with the average 


deviations of these measurements, 1s shown 


for each testing distance in Table 2. Clearl 


st Distance to 
Rest 


Taste 2.—RKelation of Te omm 


dation 


Test 
Distance 


3 4 5 


REC/PROCAL OF TEST DISTANCE~ D/IOPTERS 


Mean change in the zero level phoria as a function of the testing distance tor the 
represent change in zero level phoria in degrees; abscissas, reciprocal 


no very marked increase in the accommoda 


occurs with decrease the 


‘| hese 


ment with the findings of other investigators 


tive response 


testing distance results are in agree 


who studied only two testing distances 


COMMENT 


One important mnplication of the present 
\Ithough the 


in the 


results should be poimted out 
howed 


zero Jevel phoria with decrease in test dis 


who 


observers 


could Heat 


tance eparated from the other 


observers with a common factor ol age, zero 


level distance phoria, or pectacle correction, 


there was one way in which many of these 


obse rvcrs could he 


of the 


eparated from the rest 


group. This was in the history of 


reduction in binocular vision 
M. A 


prominent increase in the zero level phoria 
the 


evidence 


Phe observer who showed the most 


with decrease in testing distance, was 
the observers A 
omewhat detailed deseription of the visual 
characteristics of this 


made elsewhere."* However, Observer A. R 


only trabismic of the 11 


observer has been 


has a history of esotropia at an early age 


which has been corrected, while Observers 


© References 3 and 6 


4 
om 
: 
I 
” 
Minus Response 
n Diopters 
Mean * Deviation 
om = 0.2 
0.40 0.6 
22 0.34 0.91 
* Mean for 11 olvse ers 
913 


R. A., M 


denee 


and K. W 


mnefhicient 


all show some evi 
binocular vision, as evi 


denced by clinic measurements of stereopsis 
or suppression 


that all of 


It seems worthy of pointing 
these 


de finite increase in the zero |e vel phoria as 


out observers showed a 


testing distance decreased. This aspect of the 


problem can be applied in a clinical way 


detailed 
as, “Does the 


only after a more Investigation 


Such question continuum of 
patterns of change of zero level phoria with 
testing distance sugyest a continuum of indi 
viduals at 


various levels of binocular per 


formance must await such investigations 


lor an answer. Multiple distance phoria test 
Ing may yet prove of definite diagnostic value 
clinically, but clearly the present experi 
ments cannot he used to provide the criteria 
for such diagnosis 
The that 


creases in zero level phoria with testing dis 


finding very pronounced in 


tance occurred in a strabismic observer (as 
well as observers with imperfect: binocular 
vision) seems to run contrary to the notion # 
that such increases are most closely related 
called conver 


gence." According to this latter speculation, 


to what has been fusional 
it would searcely be expected that an ob 
server who fails to demonstrate any fusional 
movements (in the usual sense of the word) 
would show the most pronounced increase 
of zero level phoria with decrease of testing 
distance of all the observers studied.* 
Contrariwise, the notion may be ventured 
that some such patterns of increased ‘con 
vergence” to near distances are more likely 
to occur in strabismic observers, increasing 
thereby the flexibility of whatever binocular 
apparatus still Such speculations 
certainly cannot be labored at any length at 


persists 


the present stave of our ignorance of these 
phenomena, but they do seem to command 
further consideration 


# References 7 and 15 


* While it is true that certain kinds of responses 


to disparate stimuli can be obtained in patients 


with permanent strabismus, there are important 


differences which differentiate these from the 


obtained in normal observers 


and 18) 


fustonal movements 
(References 14, 17, 
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Kinally, 


size-distance relationship as 


mention should be the 


it might influ 


made of 


ence the data of the present experiments. In 
the the 
phoria, it is possible to keep constant either 


measuring effects of distance on 


(a) the apparent (i.e., the angular) size 
of the test object or (>) the physical size of 
the test object 


keeping the 


\ third possibility, that of 
perceived size constant, would 
represent a compromise between the two if 
the data of 
to the 


size constancy are applicable 


The 


using two 


present experimental design 


present experiments were done by 
targets of different physical size (a standard 
test chart at test distances 590, 300, and 200 
cm. and a reduced 


photographically test 


chart for all closer distances). This repre 


sents a qualitative approach to the above 
compromise. Whether or not this procedure 
is the most heuristic of those available can 
further 


only be answered by 


experiment 
Preliminary experiments along this line will 
he described subsequently.t 


University of Michigan 


+ Alpern, M 
and Their Relation to Apparent Distance 


Accommodation, Convergence 
Further 


Comments, unpublished paper 
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News and Comment 


SOCIETY NEWS 

The Ophthalmological Society of the United Kingdom. Jhe \nnual Con 
gress of the Ophthalmological Society of the United Kingdom will be held at the 
Royal Society of Medicine, 1 Wimpole St., London, W.1, on April 26, 27, and 
28, 1956 

The subject for discussion will be “The Early Diagnosis of Glaucoma.” 
Members who wish to take part in the subsequent discussion are advised to intimate 
their intention before the opening of the Congress. It is emphasized that no 
member may speak for more than 10 minutes 

There will also be a short symposium on “Herpetic Infections of the Outer Eye.’ 

Members wishing to read a short paper or to give a short pictorial demonstra- 
tion are asked to send the title, together with an abstract, to Mr. Cook not later 
than Nov. 30, 1955. Those wishing to show films should also communicate with 
Mr. Cook by the same date 

The annual dinner will be held on Thursday, April 26. Members may bring 
guests 

A Trade Exhibition will be held in Cowdray Hall (next door to the Royal 
Society of Medicine ) 

On account of the difficulty in obtaining hotel accommodation in London, all 
members who will require it are advised to make their arrangements in good time 
Honorary Secretaries: Derek Ainslie (Council Business); C. A. Cook (Congress 
Business ) 


St. Louis Ophthalmological Society.—Jhe regular meetings of the St. Louts 
Ophthalmological Society will be held on the following Thursdays of this fiseal 
year 

1955 heb 23, 1956 
March 22, 1956 
1956 April 26, 1956 


The meeting place is the Park Plaza Hotel, 220 N. Kingshighway 


CORRECTION 
In the Special Report, “Estimation of Loss Visual Efficiency,” by Edmund B. Spaeth, 
F. Bruce Fralick, and William F. Hughes . i September, 1955, issue of the ArcHnives, 
an error in percentage calculation appears in Section V, page 467. The result of multiplying 
0.30 by 0.40 by 0.70 is 0.084, not 0.84 as stated in the text. The total visual efficiency of this 


eve is correctly given in the Report as 84% 


1, John 


len, Ulf: Fusional Phenomena in Anom 


Report, ORY, New York, Harcourt, Brace and Company, 


f 
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Applied Steroids 


IRVING H. LEOPOLD, M.D. 

JOHN L. SAWYER 

and 

HARRY GREEN, Ph.D., Philadelphia 


Hydrocortisone acetate (Compound 
acetate) has been shown to be superior to 
cortisone acetate (( ompound I. acetate) as 
an antiphlogistic agent in the treatment of 
many external ocular lesions, such as vernal 
conjunctivitis and episcleritis. This superior- 
ity, however, is not apparent in the treatment 
of anterior segment intraocular inflanunation, 
such as uveitis, by local instillation of drops.* 


The 


considered to be 


free-aleohol form of hydrocortisone is 


the 
intraocular le- 
local admunistration.t 


More 


effective than 


acetate im the treatment of 


sions by 


In a recent publication from this labora- 
tory ‘ it was shown that hydrocortisone ace- 
tate entered the anterior chamber of rabbit 
eyes less rapidly and to a less extent than 
did cortisone acetate after local application. 
This observation may explain the difference 
in the relative efficacy of the steroid 
acetates in the treatment of intraocular in- 
flammation 


two 


If the extent of penetration of 
the drug is an important determinant of the 
clinical results, then one should expect the 
free-alcohol form of hydrocortisone to pene- 
trate the anterior chamber more readily than 


the acetate. The present investigation was 


initiated in order to determine whether such 


Received for publication Oct. 10, 1955 
Wills Eye Hospital, Department of Research 


rhis investigation was supported in part by a 


research grant from the National Institute of 
Neurological Diseases and Blindness, of the Na- 
tional Institutes of Health, U. S. Public Health 
Service 


* References 1 and 2 
and 4 
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enelralion of Locally 


a correlation exists. In addition, penetration 
studies were made with the free alcohol and 
acetate of fludrocortisone (9a-fluorohydro- 
cortisone, IF), which clinically appears to 
possess anti-inflammatory lower 
concentrations than that required by hydro- 
cortisone 


action at 


MATERIALS 

The corticosteroids 
& Dohme and 
& Co., Inc 
cortisone were supplied as 2.5% saline suspensions ; 


that of 


were supplied by 


Divisions of 


Sharp 
Merck 


The acetates of cortisone and hydro 


Chemical 


fludrocortisone, as aleo 


well as the tree 


hols of the corticosteroids, were supplied as puri 
fied crystalline compounds. Suspension f the 
latter were prepared in saline solution containing 
1: 40,000 benzalkonium chloride, after the com- 


pounds were ground to a fine powder in a mortar 


stock 


with pestle. Dilutions of the suspensions 


were made with saline solution 


All reagent chemicals were of analytical reagent 


grade. Chloroform was redistilled before use. Meth- 
anol (anhydrous) and ethanol (95%) were used 
without prior treatment. Phenylhydrazine hydro 


chloride and tetramethylammonium hydroxide were 


Eastman Kodak products; blue tetrazolium was 


supplied by Nutritional Biochemicals Corporation 


PROCEDURE 

Normal eyes of adult 
6% Ib 
tion of the 


pigmented rabbits, 5% to 


in weight, were used. Removal and extrac 


aqueous humor were done as previously 


described.* In all cases 0.2 ml. of aqueous humor 
from each eye was extracted four times 
portions ot chloroform Analyses 


by the blue 


with 5 ml 


were performed 


tetrazolium test as recently modified.® 


In some cases the Porter-Silber test was 


empl yed 
Iwo drops of the corticosteroid suspension were 


applied to the cornea every 15 minutes for one 


hour. Fifteen minutes after the last 


application the 
eye was flushed thoroughly with tap water and the 
anterior chamber tapped. After subconjunctival in 


jections 30 minutes elapsed before the aqueous 


humor was removed 
This Was 


applicator 


Abrasion of Cornea 


accomplished by 
gently rubbing a cotton 


thetized 


over the anes- 


cornea, Removal of the epithelium was 
complete, as indicated by staining with fluorescein 


Alkali One NaOH 
dropped upon the cornea; 15 minutes later the eye 


Burns drop ot 4% was 


was thoroughly flushed with tap water 


r 
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PENETRATION LOCALLI IPPLIED STEROIDS 


lhe results are given in Tables 1 to 3 and 


represent values obtained with the chloro 
Alkal form extract of 0.2 ml. of aqueous humor 
Phe optical density equivalent pet ly of 
— steroid by the blue tetrazolium test at 510 


‘ O04 Taste 3.—Penetratior Alcohols of Cortt 


0.008 asteroids. Cortisone, Ilydr rtisone, and 


fumior, \/ 


Fludro 
Clortisone cortisone, cortisone 


* Optical density at 510 ma; 0 humor MI MI MI 


5 Mg. Steroid 
ABLI 
otds. Cort ne. wrtisone. and 0.00 
ltsone 
Cortisone ‘ 
B. Normal Corneas— Treated with 
conjut tion—2% , 
é A. Bubeor netival Injection Mg. Steroid Suspension of Sterold 


00 0.99 0.31 


2.16 2.12 140 
118 1.34 
oa om 


} oa O00 


B. Normal Corneas—Treated with 0.5 ay 1.97 1.06 
Suspension of Steroid 


‘ Abraded Corneas— ‘Treated with 0.5% 
Suspension of Steroid 


3.17 142 


4.36 103 
000 

7.62 3.15 0.09 
oll om om 

8.72 460 


‘ Abraded Corneas Treated with 0.5 9.09 


Suspension of Steroid 


10 


Alkali Burned Cornens Treated with 0.5% 
Suspension of Steroid 

1.65 

606 

146 

Alkali-Burned Corneas Treated with 05 aad 42 


Suspension of Steroid 


AN 145 4.21 


‘4 
Le 0 0.0 ni is 0.055 tor each of the materials tested 
1.88 0.00 The Porter-Silber test 1s less sensitive fot 
om 
the hvdrocortisones than for cortisone; the 
! on 
optical density equivalents pet ly of steroid 
Alkali Burned Corneas— Tre with 
Suspension of Steroid are as follows: cortisone 0.047; hydrocorti 
sone, 0.025; fludrocortisone, 0.024. In all 
i 7 0.96 experiments the observed optical den ity wa 
ad Lai corrected for the averaye optical density ob 
27 om 
a1 0 62 tained with the aqueous humor trom an 
O44 untreated eye or from an alkali-burned eye, 
AV 61 as the case may be lhese correction value 


are given in Table 1 and show that the 
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Cortisone 
Hydrocortisone 
9- a- Fluorohydrocortisone 


= 


Subconj, Inj. 
25 mgm./0.5 mi. suspension 
big. 1 


Micrograms per 0.2 mi Aqueous Humor 


NORMAL 
0.5% 


ABRADE 
0.5% 


ALK. BU 

Eyes Treated with Drops 
% suspension as indicated 


Penetration of steroid acetates locally applied 


Cortisone 
Hydrocortisone 
9-or- Fluorohydrocortisone 


3 
3 
o 
E 
a 
° 
o 
° 
= 


Subconj. Inj. Eyes Treated with Drops 


25 mgm. /0.5 mi. suspension 


big. 2 


average optical density for the untreated 
eyes is 0.033 and that for alkali-burned eyes 
is 0.059, ° 

lor ease of comparison, the results are 
graphically presented in Figures 1, 2, and 3 
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Penetration of steroid alcohols locally 


0.5 % suspension 


l apphed 


( omparison ot the 4 le ctale and Ali ohol oj 
Steroid 1) 
the accompanying ‘Tables 


evident that, in the normal eye, 


( big rom a study of 
and Graphs, it 1s 
after sub- 


conjunctival injection cortisone acetate pene 


5 
3 
| 
q 
SS 
4 | | 
4 
2 — 
. 
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PENETRATION OF LOCALL) 1PPLIED 


the free alcohol, 


alcohol of 


trated more readily than 


whereas the hydrocortisone 
the 
Fludrocortisone behaved similarly to 
hydrocortisone 


irce 


penetrated more readily than acetate 


form. 


When the steroids were applied as drops, 
cortisone alcohol penetrated to a greater ex 
tent than the acetate. This was also true for 
while fludrocortisone 


the 


hydrocortisone, gave 
with both 


the acetate and the free alcohol. With eyes 


approximately same results 


whose epithelial barrier had been removed, 


STEROIDS 


the acetate of fludrocortisone all the steroids 


showed the 


higher penetration in inflamed 
eye than in the normal eye 

It is that the 
forms of cortisone and hydrocortisone pene 


trate the 


also apparent free-alcohol 


normal eye after drop instillation 
better than the corresponding acetates, while 
the acetate of thludrocortisone is slightly supe 
to the tree 


rior aleohol form 


Comparison of the Acetates of the Steroids 
evident from the data that, 


tillation 


(Fig. 2) It 


except for in in normal eyes, cortu 


5 


C1 Steroid Alcohol 


Steroid Acetate 


E 

Co 

E 

N 

oO 
@ 
oO 

= 


| 


iL 


OFF F 
HORMAL 


Subconj. inj. 
25 mgm./0.5 mi. suspension 


Fig. 3.—Pe 


netration ot 


the outstanding feature was much greater 


penetration of the 
he 


cortisone and of fludrocortisone penetrated to 


alcohol of hydrocorti 


alcohol form of 


tree 


sone acetate and free 


practically the same extent 
With eye 


instillation of 


that had been inflamed by the 
the the 


free alcohol of hydrocortisone was again quite 


penetration of 


pronounced. In general, under these condi- 
tions the tree-alcohol forms of the three ster- 
oids tested entered the aqueous humor to a 
greater extent than did the corresponding 


acetates. It is also apparent that except for 


OFF. F 


OFF 
BURN 


OFF 


ABRADED 


Eyes Treated with Drops 


0.5% suspension 


crow ( applied 


one acetate penetrated two to three times 


i much a the acetates ivdrocortisone 


and fludrocortisone after subconjunctival in 


jection in normal eyes and after drop instilla 


tion in eye whose epithelium had been 


which 


burn 


removed or in inflammation was 
alkali With 
after drop instillation fludrocortisone acetate 


call ed by normal eye 
penetrated to the greatest extent, while the 
acetates ol corti one and hydrocortisone pene 
ludrocortisone 


better than 


trated to a negligible extent 


acetate penetrated somewhat 


hydrocortisone acetate in eyes without epi 


4 

4 

‘ 
4 

| 

| 

| 

; 

j 
|| 


thelium, while with alkali-burned eyes the 
two steroid acetates behaved alike. It is in 
teresting to note that by increasing the con 
centration of the drops from 0.5% to 2.5% 
of steroid acetate content, the penetration of 
cortisone acetate in alkali-burned eyes was 
omewhat increased, while that of hydro 
cortisone acetate was unatfected 

Comparison of the Alcohols of the Steroids 
(hay 3) The aleohols of hydrocortisone 
and fludrocortisone both penetrated to a 
yreater extent than did cortisone alcohol in 
alkali-burned eyes after drop instillation, 
as well as in normal eyes after subconjunc 
tival injection. With abraded eyes hydro 
cortisone alcohol penetrated almost five times 
as much as did the aleohols of cortisone and 
fludrocortisone, both of which penetrated to 
about the same extent. With normal eyes the 
penetration of cortisone aleohol was about 
twice that of the alcohols of hydrocortisone 
and fludrocortisone 

Iiffect of Removal of Epithelium upon 
Penetration of Steroids.-The results show 
that removal of the epithelium permitted a 
marked increase in the penetration of hydro 
cortisone alcohol and cortisone acetate, with 
a distinct decrease in the penetration of corti 
sone alcohol, No appreciable change in pene 
tration was observed with hydrocortisone 
acetate or with fludrocortisone acetate and 
alcohol forms 

Effect of Alkali Burn upon Penetration of 
Steroids 


which inflammation was experimentally in 


It can be seen that with eyes in 


duced by an alkali burn the penetration of 
cortisone acetate, hydrocortisone alcohol, 
and fludrocortisone alcohol markedly in 
creased in each case, while that of cortisone 
alcohol and hydrocortisone acetate only 
slightly improved, and that of fludrocortisone 
acetate slightly decreased 


COMMENT’ 

Despite the extensive use of the corticos 
teroids cortisone and hydrocortisone, and, 
more recently, of fludrocortisone (9%a-fluoro 
hydrocortisone), in ocular therapeutics, no 
definite correlation exists between chemical 
structure and therapeutic efficiency. On the 
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contrary, the experiences to date suggest an 
empirical approach to the local use of corti 
costeroids in the treatment of ocular infec 
tions. This situation is due, in part, to the 
relatively small number of different corticos 
teroids available for use in clinical ophthal 
mology and, perhaps in larger part, to the 
lack of knowledge concerning the physical 
and chemical properties of the substances in 


contact with the ocular tissues 


This investigation was initiated in an at 
tempt to determine whether any correlation 
exists between the penetration of the corti 
costeroids into the anterior chamber of rabbit 
eyes and their chemical structure, and the 
therapeutic efficacy of the local use of these 
drugs in clinical ophthalmology. It is evi 
dent from the results that the rate of pene 
tration of the particular corticosteroid into 
the aqueous humor of the anterior chamber 
is dependent upon the specific experimental 
condition and that no definite correlation can 
be established between rate of penetration 
and chemical structure of the steroids. It is 
assumed that the local application of | the 
corticosteroid has no significant effect upon 
the level of the corticosteroids normally pres 
ent in the aqueous humor, and that the 
measured increase is due to the penetration 
of the applied substance. It is significant, 
however, that in & of the 12 experiments 
(hig. 1) comparing the relative effectiveness 
ot penetration of the aleohol and acetate 
forms, the alcohol form of the steroid was 
markedly superior; in two cases the penetra 
tions of the two forms were about the same 
while in only one case did the acetate pene 
trate to a yreater extent than the alcohol 
(cortisone, given subconjunctivally). This 
observation may, perhaps, account for the 
relative superiority of the free-aleohol form 
of hydrocortisone over the acetate in_ the 
treatment of intraocular lesions, as noted by 
Hogan and co-workers? and Gordon and 
co-workers.’ In this connection, it is inter 
esting that Hamashige and Potts” observed 
in penetration studies using C-14-ring 
labeled cortisone acetate on pentobarbital 
( Nembutal )-anesthetized rabbits that the 


acetate was converted partly into the free 


PENETRATION OF LOCALLY APPLIED 
alcohol form: and partly into the tree alcohol 
of hydrocortisone in the cornea and in the 
aqueous humor. On the basis of this trans 
formation they suggested that the hydrocorti 
sone alcohol may be the actual therapeutu 
These that 


hydrocortisone aleohol did not penetrate as 


agent authors also observed 
well as did cortisone acetate, suggesting that 
corneal penetration of corticosteroids is de 
pendent upon lipoid solubility (the acetate 
than the 


as noted by 


is more soluble in fat solvents 


corresponding alcohol Cogan 


Hirsch 
the contrary, indicate that the alcohol forms 


ane] and Swan.* Our results, on 


of the steroids tested penetrate, on the whole, 


to a greater extent than do the correspond 


ing acetates. This apparently greater ease of 
penetration of the free-alcohol form of hydro 
that it 
the 

studies 


cortisone suggests may disappear 


more rapidly intraocular 
fluids 


have not been completed 


Irom tissues 


and Time along these lines 
Hlowever, in order 
to achieve a rapid penetration and prolonged 
therapeusis, it may be desirable to use clini 
eally a combination of the free-aleohol and 
acetate locally 


At the present time the only advantage 


forms of hydrocortisone 
of fludrocortisone would appear to lie in the 
fact that clinically it is active at a lower con- 
This 
might result in a regimen of treatment less 
expensive to the patient 


centration than the two compounds 


SUMMARY 
The rates of penetration of cortisone, hy 
drocortisone, and fludrocortisone (9a-fluoro- 
hydrocortisone) into the aqueous humor of 
normal rabbit eyes and eves whose corneas 


were burned with alkali and eyes whose epi- 


STEROIDS 


thelia were removed were measured after 


subconjunetival or drop instillation 


No definite correlation could be drawn 


between 


rate of penetration and chemical 


structure of the corticosteroid 
alcohol the 
steroid penetrated to a greater extent than 


In general, the free form oft 


the cor responding acetate 


The ease of 
locall 


ao mayor 


the 
not appear to he 


penetration of each of 
applied ste roids doe ‘ 


factor in 


determining its anti 


inflammatory potency 
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on the Kbbit Eye 


CHRISTOPHER H. MOORE, M.D 

J. F. HERRICK, Ph.D 
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THEODORE G. MARTENS, M.D, Rochester, Minn 


Considerable controversy and contusion 
appear in the literature regarding the effects 
of ultrasound on the eye because the exact 
conditions of the experimental procedures 
are not clearly defined and understood 
Fischer has reviewed the biologic action 
of ultrasound, classifying the effects as 
thermal, mechanical, and chemical. Begui 
considered that knowledge of the physical 
characteristics of the different parts of the 
eye as they affect the propagation of ultra 
sonic waves would be useful. [le measured 
the density and the viscosity in the refractive 
parts of the eye (aqueous, lens, and vitreous ), 
tovether with the velocity of the ultrasomic 
waves and their a! sorption coetty ent 

The purpose of our investigation was to 
observe the effects of ultrasonic energy on 
the structures of the eye of the rabbit. Ob 

Received for publication Sept. 6, 195 

\ portion of this paper was read at the meeting 
of the Midwestern Section of the Association tor 
Research Ophthalmology) Rochester Minn 
April 30, 195 

\bridgement of ubmitted by Dr. Moor 
to the Faculty of the Graduate School of the 
University of Minnesota in partial fulfillment of 
the requirements for the degree of Master of 
Science in Ophthalmology 

Fellow in Ophthalmology, Mayo Foundation 
(Dr. Moore). Section of Biophysics (Dr. Herrick) 
and Section of Ophthalmology (Dr. Martens) 
Mayo Clinic and Mayo Foundation. The Mayo 
Foundation, Rochester, Minn., is # part of the 
Graduate School of the University of Minnesota 


422 


Effects of ic ergy 


servations were made on intact as well as 
on enucleated eyes. Different outputs of 
energy and various durations of exposure 


to ultrasound were used. Ophthalmoscopic 


tudies of the eyes were made before and 
after irradiation. After enucleation, the eyes 
were prepared for histologic examination 
and were studied microscopically 


METHODS AND APPARATUS 


Albino rabbits averaging about 3 kg. in weight 
were chosen for this study. Preliminary experi 
ments were performed on enucleated eyes to de 
velop a satisfactory techmque for the later experi 
ments in vivo and to confirm certain observations 
of previous investigators These eyes were ob 
tained immediately after the animals were killed; 
eve that were not used at rice vere kept in an 
isotonic solution of sodium chloride at 5 C until 
used, which was not more than 20 hours later 
Ihe excised eye was held in a movable eye holder 
of glass, which facilitated accurate positioning 
of the cornea 12.5 cm. from the sound head in 
the ultrasonic field. The apparatus was suspended 
in a stale tecl tank, with mineral oil as a 
coupling agent. Before each experiment, the oil 
was degassed for approximately a half-hour by 


means of ultrasound 


\n ultrasomie generator (sonostat), manufac 
tured by the Siemens Keimger Werke, was used 
Its frequency was 800 ke, and the maximal output 
of power was approximately 50 watts. The radiating 
urface area of the sound head was 10 sq. cm 
The transducer was constantly cooled during op 
eration by circulating water \ measurement of 
the total output of the ultrasonic generator wa 
obtained through the use of a Siemens sonotest 

Initial observations revealed the difficulty of 
wcurately positioning the eye in the ultrasonic 
field that the cornea and lens received the 
maximal amount of energy. Slight errors in po 
itioning resulted in eccentrically placed gross 
changes in the cornea and lens, This situation wa 
corrected by plotting the transverse vertical and 
transverse horizontal pattern as well as the 


longitudinal pattern, of the ultrasonic field, using 


the thermistor as a probe (Fig. 1). Before each 
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posterior to the temporal aspect ot 
corneal limbus and held in position by a purse 
horizontal 1S ax | tring 

removed and repl | Iwo additional experiments were done in order 
cperiment to determine whether increased temperature alone 
is sufficient to cause opacities in the refractive 
\ thermocouple was inserted 
and the enucleated 
contaming an rotont 

solution 1 hh ; the temperature 
this bath dd in immersed heater 
varying per { varlo When the t , pl lings became stabilized 
ervati wert as gradually increases 
eriod of irradia were i uintaimed at to 60.8 C for 12 minutes 
ns were ; fo a thermistor placed in the vitreous, 
carefully removed, and b e examined under a % vartson was made of the temperature ob 
microdissector { the vitreous was noted dl irradiation of the eye of a 
although ne made to measure the dead rabb previously observed when the 
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Fig. 1 Diagram illustratin vertical and horizontal 
patterns of the ultra 


I he tempe! iture were peritormed 


wito three group 
irradiation 
galvanometrically ther acti a normal 
thermocoup! 
needle that Va 
posterior | 
the galvanome irradi rabbit 
cale These we d i and ) ‘ other two grou 
moving photographic vere ni ively. The irrach 
periment lemperatures during in each ot 
ooling pet following ultrasomie irradiation 


observed wo experiments we! veel rachiati irth rabbit in 


Weer a 


ici 
temperature ¢ y in case of unexpected 
ind atte le sin the group 

luce a device 

heating of the bony 
and ¢ no » soft tissues adjacent 

bone i 2) ie shielding device cor 

thermocouple wa tained pocket air for preventing transmussior 


igh a small sclera ‘ ‘ » the extraocular region 
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An adapter for coupling the ultrasonic energy to the cornea 
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Acoustic shielding of 


the bony orbit was accomplished by the air space, as indicated 


histologic study was preserved 


Paraffin 


stained with hematoxylin and eosin 


Ihe material for 


in formalin. sections were made = and 


RESULTS 
Enucleated Eyes.—Vhe appearance of tiny 
bubbles of gas during irradiation generally 
tended to be several minutes earlier when 
greater intensities of ultrasound were used. 
These bubbles usually appeared slowly at 
first on the surface of the cornea and then 


more rapidly; finally, they appeared from 


the posterior surface of the eyeball (Fig. 3) 


They gradually subsided. Examination by 
means of a microdissector after irradiation 
of some eyes disclosed tiny bubbles of gas 
embedded in the epithelial surface of the 
cornea and the capsule of the lens, These 
were most apparent after use of greater in- 
tensities of ultrasound. 

Clouding of the cornea and the formation 
of dense opacities also occurred earlier after 
the higher doses. Observations after irradia 
tion were limited in many eyes to gross 
changes because of the unsatisfactory view 
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Appearance of bubbles of gas on the 
as the result of exposure to ultrasound 


Fig. 3 
eyeball 


obtained through the cloudy cornea with an 
ophthalmoscope. Use of the hand slit lamp 
was not found practical and was discon 


tinued. Corneal opacities were diffuse and, 
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as in classification of the lens opacities, were 


graded arbitrarily. Again, it was apparent 


that the densest corneal opacities were ob 


tained after use of doses. lens 


higher 
opacities were generally diffuse and cortical ; 
increase in the density of the posterior trans 


verse suture line was noted in most cases 


The eyes expose d to the higher doses showed 
the densest opacities in the anterior cortex, 


while the reverse was the case in_ those 


exposed to smaller doses Lhe densest lens 
opacities also were noted with the greater 
doses of ultrasound. The globe in all cases 
felt warm and firm, suggesting an increase 


in intraocular tension and temperature 


In a few 
of the 


instances, brown discoloration 


posterior portion of the globe was 


present, indicating a burn. This was usually 
seen adjacent to attachments of muscle, and 
the muscle appeared to have been cooked 
The vitreous was clear and of normal con 


sistency in all eyes 
that the 


effects were produced when the enucleated 


It may be concluded greatest 
eyes were irradiated with the larger doses 
When the greatest damage was done to the 
cornea, the effect on the lens was greatest 
in the anterior cortex ; with less severe dam 
age to the cornea, the effect on the lens was 
greatest in the posterior cortex. This result 
may be explained on the basis that with 
greater damage to the cornea there might 
be greater absorption of ultrasound, with 


the consequence that less ultrasonic energy 


Fig. 4 
of the enucleated eye. 


Changes in temperature of the vitreous before, during, and after ultrasonu 


reaches the posterior cortex In some cases 
however, the lens opacities were uniformly 
diffuse 

I:xposure of enucleated eyes to ultrasound 
resulted in a rapid increase in the tempera 
ture of the vitreous, 
2s ( 


from a control level ot 


toa value of 60.05 © within three min 


utes and to a maximum of OS8.15 C within 


another three minutes (hig. 4). A gradual 
decrease in temperature occurred when the 


ultrasound was turned off 


Gross Findings Eyes Trradiated 
Vivo.-Minimal Dose of Ultrasound: This 
dose consisted of 10 watts (total output) tor 
two and a half minutes. The area of the 


radiating surface was 10 sq. em., with the 


intensity of sound considered to be 1 watt 
per square centimeter Immediately after 
such irradiation, the conjunctivae of the 


eyes so exposed were moderately injected, 
and pronounced miosis was present (hig 
5a). The corneas were clear, and the fundi 
appeared normal. By the following day, a 
corneal opacity was present in each eye, pre 
venting a satisfactory view of the fundus 
Slight and mild 


hyperemia of the iris were noted in one eye 


circumcorneal injection 


Gradually 
the corneal opacities cleared and the injec 


The lenses in all eyes were clear 
tion subsided, The lenses remained clear, and 
the fundi remained normal 
Moderate Dose of Ultrasound: This dose 
consisted of 10 watts (total output) for five 
after irradiation, the 


minutes. Immediately 


irradiation 


Ultrasound 
| f 
em 


49 mirmute interval 


+ 
Control 
925 


appeared burned (1 


follow ing day 


vere circumeorneal injection wa 


ippeared normal until enucleation, 


group 
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were edematous and congested; numerous 
tiny punctate areas of hemorrhage were seen 
in both lids of one rabbit. The corneas were 
comple tely opaque on the following day, and 
the congestion of the conjunctivae had in 
creased, The lids were burned. Two weeks 
after irradiation, portions of the lids of two 
rabbits were necrotic, and a thick yellow 
discharge was present in the affected eyes 
The palpebral apertures were extremely nar 
rowed, and the corneas remained densely 
opaque. In one rablit three weeks after 
irradiation, the swelling of the lids and 
periorbital tissue obscured any view of the 
cornea and the eye felt tony because of 
increased intraocular tension. Six week 
alter irradiation, the necrotic lower lid of 
this animal sloughed, exposing the bony 
inferior orbital margin. The tension in thi 
eye yvradually ubsided \t the time of 
enucleation, 12) weel alter irradiation, a 


mall, shrunken globe rotated superiorly was 


all that could be palpated, and the cornea 
was not seen. When this eye wa prepared 


for sectioning, the cornea appeared densely 
Opaque and \¢ low ic new ve se] on 
its suriace. The lens was white and occupied 
most of the anterior chamber and vitreous 
cavity. The vitreous was firm and gray in 
appearance The eve could not be een oF 
palpated in one rabbit three weeks after 
irradiation, and profuse thick yellow dis 
charge was present. When enucleation was 
done, six weeks after irradiation, the globe 
the cornea was vellow, 


shrunken and 


opaque, and ragged, containing new vessels 


on its surface. \When this eye was prepare 
lor sectioning, a dense vhite, Opaque lens 
wa een, with numerous thick, irregular 
trands radiating through the vitreous cavity 
to the posterior pole 

In lL iwo Development of Lens Opacities 
Lhe development ol Opacity of the len Was 
observed during the course of in vivo studies 
The occurrence of ich opacities wall be 
deseribed as noted nm two eve 

The first eve was exposed to an ultrasonic 
lose of 20 watts (total output) for two and 
a half minutes, Immediately after irradiation, 


the lids were edematous and the conjunctiva 


corneas of the eves so irradiated were hazy 
and the fundus was not seen clearly. The 
pupils were niuotic and the conjunctivae 
were injected and chemotic, Numerous tiny 
punctate areas of hemorrhage were present 
on both lids im one rabbit, and within 24 
hours these lids ig. 5) ) 
lhe PF the corneas of two eyes 
had become more Opaque but the cornea of 
one eye had cleared sufficiently to allow 
exanunation of the fundus, which was nor 
mal. Injection and chemosis had increased, 
ent m one eye. A few tiny corneal blood 
vessels appeared in this rabbit) one 
quadrant one week after irradiation; al - 
though most of the corneal opacity had 
big ffects immediately following vivo 
exposure of eyes to ultrasound, (a) exposure 
is of 10 watts’ total output for two and a halt 
Note conjunctival myection, and 
central corneal opacity bxposure va ol 
] itts’ output for five minute Note conjunctival 
injection, chemesis, corneal opacity, and burned lids 
) cleared at the time of enucleation, six weeks a 
| alter irradiation, a small opacity remaimed 
in the area of corneal vascularization L hye 
cornen of the third rabbit was clear 1 week 
alter irradiation, and the Jens and = fundu 
; later. The vitreous was normal in all eves 
Maximal Dose of Ultrasound his con 
isted of 1O watts (total output) for 10 ; 
\n almost diffuse corneal opacity 
was present in all eves of this 
ately after irradiation, obscuring satisfac 
tory view of the tundus. The pupils were 
miotic, and severe injection and chemosis 
4 of the conjpunctivae were noted The lids 
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was injected and chemotic. The interior half 
of the cornea was gray and opaque. The 
retina appeared normal, as viewed through 
the relatively clear superior portion of the 
cornea. The pupil was miotic. Three days 
later the cornea was diffusely opaque. lour 
weeks after irradiation the palpebral fissure 
was greatly narrowed, The cornea remained 
dittusely opaque, and many new vessels were 
noted superiorly extending from the limbus 
to the cornea. The cornea had become clearer 
six weeks alter irradiation, and an irregular, 
dense lens opacity was noted for the first 
time at the posterior pole slightly nasal to 
the center of the lens. This opacity appeared 
as two small oval-shaped clusters of black 
dots separated by a relatively clear central 
zone. It did not extend anteriorly into the 
nucleus but remained localized to the pos 
terior cortex. During the next three months 
the lens opacity became slightly larger and 
then less diffuse and less dense. A’ small 
dense round irregular corneal opacity re 
mained inferiorly, and in this region the 
larized \ faint local 


ized haziness was all that remained of the 


cornea Wa well va u 


lens opacity three and a half months after 
irradiation. The corneal opacity and vessel 
remained unchanged 

The second eye with an opacity of the 
lens was exposed to an ultrasonic dose ot 
10 watts (total output) for five minute 
Immediately after irradiation, pronounced 
injection of the conjunctival vessels was 
noted, with a diffuse corneal haze that 
prevented a clear view of the fundus. ‘The 
cornea was completely opaque by the next 
day, and there were severe chemosis and 
increased injection of the conjunctival ve 


Is hecan red 


sels. The margins 0 
and thickened, and the palpebral aperture 
was narrowed. Tiny new blood vessels ¢ 

tending to the cornea from the limbu 
superiorly were first noted 14 days later 
The cornea gradually hecame clearer \ lens 
opacity was first observed at the posterior 
pole 25 days after irradiation This opa ity 
was irregular and wing-shaped, each wing 
being oval and joined superiorly by a band 


It con isted of many small blac k dots and 


was granular in appearance, with a slightly 
clearer central portion. During the next three 
months, the opacity became a little more 


diffuse and less dense: it remained localized 


to the posterior cortex and gradually de 
creased, until a few fine, dust-like granules 
were all that remained at the end of three 
months. ‘The corneal opacity almost com 
pletely cleared, and the fundus was normal 
The corneal vessels were still faintly seen 
Hyphema was noted 13 weeks after irradia 
tion; this obscured the fundus, but it gradu 
ally cleared within the following week 

Histologic bindings Both immediate and 
delayed etfects were noted histologically ; 
again, these changes varied with the dura 
tion of exposure to ultrasound 

In general, the effects were most pro 
nounced in the anterior segment of the eve 
The immediate changes were congestion of 
the anterior segment with edema of the 
cornea, destruction of epithelial cells, forma 
tion of spongy regions in the deeper stroma, 
and irregularities of individual cells, includ 
ing the formation of vacuoles and changes 
in size and shape of the nuclei. Great varia 
tion was seen in the staining affinity of the 
cell The anterior chamber contained a 
loose, deleate fibrin’ network, in) which 
eosinophiles and erythrocytes were present 


The cap ule of the len wa di placed in 


some regions, and the subeapsular epithe 
lium showed irregularities in the nuclei and 
clear vacuoles in the cytoplasm. Spongy 
yvones and irregular staining were noted, 


mostly in the posterior cortex, [erythrocyte 
vere present in the vitreou 

Phe delayed effects were largely a proce 
ol repair lhe cornea became epithelized 
\ slight increase was noted in the numbers 


ol nntotse igure im the basal epithelial 


cell and there Wit evidence of cellular 
migration, and even keratinization of the 
epithchum in one instance. The congestion 


and cellular infiltration of the anterior seg 


ment were less after 12 weeks. The severe 
damage to the eve exposed to maximal 
doses of ultrasound was triking: periora 


tion of the globe was noted in one animal 
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The delayed effects in this group resulted 
in endophthalmitis in all irradiated eyes 


COMMENT 


During our preliminary experiments on 
the enucleated eyes, considerable difficulty 
was experienced in reproducing the results 
of ultrasonic irradiation. Careful plotting of 
the pattern of the field of irradiation, both 
axial and perpendicular to the vibrating 
surface (the sound head), and repeated 
checking of the ultrasonic equipment before 
each experiment enabled us to obtain re 
producible results. Accurate positioning of 
the part to be irradiated was most important 

This study shows that ultrasound has a 
destructive effect on the eye of the rabbit 
The degree of destruction caused by any 
given dose of ultrasound is not predictable, 
however, owing to the great variability of 
reaction of different tissues to ultrasound. It 
was noted that the degree of formation of 
bubbles and the severity of the corneal and 
lens opacities were greatest when the largest 
doses of ultrasound were used. Limited sig 
nificance was attached to the changes pro 
duced in the enucleated eyes because of the 
unphysiologic conditions present during this 
part of the study. However, the experimental 
study using enucleated eyes determined the 
technique that was followed when the eyes 
were irradiated in vivo. 

Direct heating of the enucleated eye by 
immersion in warm isotonic solution of 
sodium chloride produced no evidence of 
formation of bubbles, and the opacities in 
the cornea and lens were definitely diffuse ; 
this picture is in contrast to the less uniform 
changes and the presence of bubbles of gas 
seen after ultrasonic irradiation 

l’reliminary studies performed for the 
standardization of technique in vivo again 
stressed the variability of results and the 
severe and destructive effects of larger doses 
of ultrasound. In a few instances severe 
damage to the eyelids and periorbital tissue 
resulted from failure to direct the energy 
correctly. Complete occlusion of the palpebral 
fissures due to injury and subsequent scar- 
ring was noted in two rabbits. Bender and 
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associates have shown that ultrasound 
causes appreciable heating of muscle and 
subcutaneous tissue and a selective heating 
of bone that is not possessed by any other 
form of diathermy. Cur studies have con 
firmed the observation that the soft tissues 
adjacent to bone may be severely damaged 
by ultrasound, owing to the multiplication 
of energy due to reflection from the bone 
When ultrasonic energy passes from one 
medium to another having a different acous 
tic impedance, it may be scattered and re 
flected at this interface. The fact that burns 
were observed in some animals which re 
ceived doses similar to those given to am 
mals that did not experience burns again 
indicates the variability of response of tissues 
to ultrasound 

The vitreous of all the eyes irradiated in 
vivo was normal, except for one eye that 
received a maximal dose of ultrasound and 
in which the vitreous was gray and firm 
his is in contrast to the observations of 
a number of European workers who have 
described irreversible liquefaction of the 
vitreous, The considerable and rapid increase 
in temperature of the vitreous that occurred 
during ultrasonic irradiation must be at 
tributed to the absorption of ultrasonic 
energy 

The immediate effects of ultrasound on 


the eye in vivo varied with the duration of 


exposure. The minimal dose of ultrasound 


produced moderate injection of the con 
junctival vessels, whereas the cornea and 
lens were clear on the first day. By the 
following day, however, corneal opacities 
were present in all eyes so treated. The 
intermediate dose of ultrasound produced 
more injection and chemosis of the con 
junctivae, and the corneas were hazy im 
mediately after irradiation. The maximal 
dose caused the greatest degree of conjunc 
tival injection and chemosis and the densest 
corneal opacities. The lids were congested 
and edematous, and small punctate zones of 
hemorrhage were present in the lids in one 
instance. All pupils were miotic after ultra 
sonic irradiation and were usually in mid 
dilatation within 24 hours 
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Phe 


varied 


delaved ettects of ultrasound likewise 


| he 


eves exposed to minimal doses of ultrasound 


with the duration of exposure 
media the 
With 
the corneal opacities 
had 


sone 


had no injection and 


end of 6 and 12 weeks, respectively 
the intermediate dose 


had 


almost 


entirely cleared in one eve and 


cleared in another, which 


corneal vascularization had ce veloped 1 hie 


delaved effects were greatest when the 


maximal dose was used. The h were se 


verely burned and 


Phe 


narrowed, obscuring any view 


were necrotic in pla es 


palpebral apertures were extremels 


of the cornea 


\ thick protuse vellow discharge was pres 


ent. Vascularization of the cornea was note 


when the eves were enucleated subsequently 
| 


During the actual irradiation, observation 


of the eves was difficult, due to visual ob 
struction caused by the ultrasonic apparatus, 
but a tendency to blepharospasm and retrac 


tion of the eyeball was apparent in most 


eyes 


The predominantly eosinophilic cellular 


reaction to ultrasound is not easily explained 
It is somewhat like a foreign-body reaction 


and mav be associated with destruction of 


protein. The spongy zones described in the 


stroma of the cornea and in the cortex of 


the lens are predominant in the posterior 


portions of these structures, suggesting that 
the greater destruction in this region is due 


to structural heating caused by the differ 


ences in acoustic impedance between the 


cornea and the aqueous and between the 


lens and the vitreous. The changes in the 


nucleus and cytopla m of individual cells 
including the presence of clear vacuoles, were 


seen mainly in the basal epithelial cells, the 
endothelial cells, and the sul apsular e} ithe 


lial ce Ils 


structures 


It is emphasized, again, that these 


present definite interphases to 


the passage ot ultrasound; thus, depending 


on the amount of acoustic impedance pro 


duced, structural heating may be in part 


responsible for these changes We cannot rule 
out the possibility that some of these etfects, 


such as the formation of vacuoles and of 


clear and spongy zones, may be due to 


cavitation or simple degassing processes 


lremendous energy may be liberated during 
the phenomenon of cavitation; to what de 


gree the observed destruction ot tissue may 


be 1 by cavitation in this. series ot 


experiments bas not heen investigated. A 


study of changes caused by cavitation im 


ludes the use of various trequencies ol 


sound and of high-pressure chambers 


The dosage of ultrasound used these 


experiments was within the range ot ac 


cepted therapy (approximately 1 watt per 


centimeter) and was determined by 


the ettects 


produced the preliminary 


studies, The stationary technique, using con 


tinuous energy was preferred because of 


the necessity procuring more accurate 
positioning of the 4 


field 
to Is 


art exposed in the ultra 


“On \lso, we wished to avoid damage 


and adjacent structures. Depending 


on the dose, ultrasound is known to produce 
various changes in the skin and superficial 


tissues, including hyperemia, edema, pete 


chiae, and necrosis. Our observations have 


confirmed this occurrence. The edema may 


he explained on the basis of increased capil 
shown that 


lary permeability. Dittmar * has 


ultrasound may have an trritative eflect on 


nerve fibers in blood vessels, so that mod 
erate doses produce local vasodilatation and 
more intense doses cause local vasoconstric 
We have noted the congestion of the 


vith 


tion 


moderate doses and the 


lids 


The normal control eve in each rabbit was 


lids and eye 


necrosis of the with maximal doses 


regularly examined, and no abnormalitie 


were noted 


UMMARY AND CONCLUSIONS 


\ study was made of the effects of various 


doses of ultrasound on the eyes of rabbits; 


both enucleated eyes and normally situated 


eyes were used, Since some type ot damage 


Wa oh 


erved in all the irradiated eyes of 


and 


the rabbit 


since the minimal dose 


of ultrasound used was a single exposure 
of 10 watts for two and a half 
likely that the 


will cause damage to the eye ts 


minutes, at 


appears minimal dose that 


even less 


than the minimal dose used in this. study 
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when the stationary technique for applying 
ultrasound is employed. 

Accurate positioning of the part to be 
exposed in the ultrasonic field is essential 
if reproducible results are to be obtained 
Although the doses recommended by other 


workers for therapy are between 1 and 2 


watts per square centimeter with the sta- 


tionary technique, such doses are considered 
to be excessive in the light of this investiga 
Ultrasound has a destructive effect on 
of the 
that 
not be applied to the human eye under the 


tion 


the eye rabbit, and it is considered, 


of course, ultrasonic therapy should 


experimental conditions used in these studies. 


The amount of ultrasonic energy absorbed 


depends on the physical properties of the 


eye, the positioning of the eye in the ultra 
sonic field, and the frequency and intensity 


of the ultrasonic source 


The difficulty of dosage and the control of 


distribution would appear to constitute 


major problems im the therapeutic use of 


ultrasound. 


Considerable and rapid increase the 


temperature of the vitreous occurs during 


ultrasonic irradiation, and this must be at 


tributed to the absorption of ultrasonic 


energy. No liquefaction of the vitreous was 


observed during this study, in contrast to 


the findings of some other investigators. 


Cataract developed in the posterior pole 


in the eyes of two living rabbits irradiated 


with ultrasound ; these opacities subsequently 
disappeared 
suggested by this investi 


lurther studie 


gation include a eflects 


of ultrasound on t! e eve of the rabbit in vivo 


comparison ol the 


when an isotonic solution of sodium chloride 


is used instead of mineral oil as the coupling 
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medium, and determination of the composi- 
tion of the gas liberated from the tissues dur- 
ing irradiation with ultrasound 
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of Alkalies on the Conall 


W. MORTON GRANT, M.D. 
and 
HAROLD L. KERN, Sc.D., Boston 


\mong the commonest and most devastat- 


ing chemical injuries of the eye are those 


caused by strong alkalies, such as calcium 


hydroxide, sodium hydroxide, and potassium 


these substances 


may render the corneal stroma opaque, and 


hydroxide. Contact with 
vision may be lost 
of these alkalic 


tion with water ts 


In combating the effects 


copious emergency irriga 
important for decontam 


ination, but thereafter the treatment available 
the the 


lime, 


is nonspecific, save in instance of 


most superhe lal =opacifi 


| ition 


irom 
which may be-eliminated by means of sodium 
ethyvlenediaminetetraacetate or other solubil 
izing agent for caleifi 1 General 
the 


application of cortisone and hydrocortisone, 


dey osits 


anti-inflamimatory measures, including 


appear to be beneficial; but, unfortunately, 


the mode of action of alkahes on the corneal 


stroma is at present too poorly understood 


to provide a 


logical basis for devising sp 


cific chemical antidote 


Owing to the com 


plexity of the chemistry 1 volved, there 1 
unlikely to be any speedy solution to thi 
problem In the work to be described in this 


report certain elementary aspects of the 
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with the have 
the 


possible future improvements in means of 


reaction of alkalies stroma 


been examined, with aim of making 


treatment, 


alkali 
eye has been comprehensively reviewed by 
Llughes 


Previous work on burns of the 


in 1946, and since that time little 
has been published that is germane to the 
present study. his 


review -Ilughes ex 


presse 1 t] 
the 


pendent upon the 


¢ interesting opinion that in alkah 
severity of the lesion ts less de 
the cation 
alkali, the 
, and the ptt of the 
riedenwald, 
established that 
troma 


burn 
character of 
than on the concentration of the 
duration of the exposure 
solution. In thi 
Hlughe 


myury to the 


connection 


and | lerrmann 


corneal increased 
harply when the all 


alinitvy of solution 


containing sodium ions was 
pH 11.5, but 


mental comparison ha 


iInerea ed above 
apparently no actual expert 
heen made with alka 
lies other than sodium hydroxide 


(ther significant observations concerning 


he mechanism of injury have been related 
to alteration of the 
Hluche 


ind metachromati 


corneal mucoid, As re 


ported by determination of hex 


oseamine staining before 


and after a single exposure to odium hy 


several days, although opacification of the 


corneal mucoid gradually decreased during 


several days ification of the 


lhe mecha 
this lo he 


although opa 


cornea was almost immediate 


nism and significance of 


oseamine have not been determined 


one 


what to the Haurowitz and 


that 


contrary, 
Braun * | 


drox 


ave reported calcium hy 


ide (lime) causes an insolubilization of 


the mucoid within the cornea rather than a 


loss of the mucoid 


4 and 
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It has been observed by several clinical 
ivestigators that exposure of the cornea 
to lime in vivo leads to formation of cal 
careous deposits in the cornea,* but in rabbits 
the calcium content of the cornea has been 
reported to return to normal four weeks 
after exposure, despite which the cornea 
remained opaque.® 

Several of the factors mentioned in the 
preeeding paragraphs appeared to deserve 
further investigation in the interest of estab 
lishing a firmer basis for future work. This 
has been the objective of experiments to 
be reported here: (1) Comparison has been 
made of the conditions conducive to stromal 
injury by a variety of alkalies in order 
to ascertain experimentally whether the pl 
or the character of the cation governs in 
puriousne to the cornea; (2) the fate of 
the cation, calcium in particular, has been 
investivated in vivo and in vitro, and the 
relationship to corneal opacity has been 
examined, and (3) the reported insolubiliza 
tion of mucoid in the cornea by lime has 
been reexamined. Only those findings which 
may be of ophthalmologic interest are pre 
sented im this report; details of chemical 
methods and observations concerning the 
chemical nature of binding of cations by 


the corneal stroma may be found in a sepa 


rate biochemical report.+ 


EXPERIMI 


NTAI 


STUDY 


DeTERMINATION oF 


HEMICAL CONDITION rOR 


RY OF THE CORNEA BY ALKALI 

The objective was to establish whether 
the threshold of pH for opacification of the 
corneal stroma, which has been reported as 
approximately 11.5) for sodium hy 
droxide,* is common to different alkalies 
irrespective of the nature of their cation 
This was ascertained by dropping test solu 
tions on the eyes of rabbits for 15 minutes 
at room temperature after scraping off the 
corneal epithelium. In Table 1 are presented 
the results of exposures to a series of 
equimolar solutions (0.023 M) of alkalies 

tKern, H. L., and Grant, W. M, paper in 


preparation 
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which were adjusted to pH 11 and to pH 12 
with hydrochloric acid, or, in certain cases, 
with aminoacetic acid or arginine. In order 
to assess the influence of varying alkalinity 
it was necessary to restrict the selection ot 
cations to those which we have found essen 
tially noninjurious to the corneal stroma at 
neutrality, thereby eliminating from consid 
eration certain cations which we have found 


to be innately toxic, such as the long-chain 


to OM2 \/ for Iafteen 


Vinutes with the L:pithelium Removed 


\ At pH 11 and below Slieht and reversible injury 
after exposure to the lowing alkalies 


Sodium hydroxide Tetramethylammonium 


hydroxide 
Sodium hydrox ice etraethylammontum 
amincacetic acid hydroxide 
buffer 
Sodium hydroxide lrimethylamine 
arginine buffer 
Potassium hydroxide lriethylamine 
Calcium bydroxide Pritutylamine 
Barium bydroxide Ihethanolamine 
Strontium hydroxide Piperidine 


Ammonium hydroxide 


i At pH lz Severe with opacity after ex 


posure to the following alkalies 

S hydroxide Barium hydroxide 

Sodium hydroxide Strontium hydroxide 
aminoacetic acid 
buffer 

Sod hydroxide Vinton um hydroxide 
urvinine buffer 

Potassium hydrox ice 


hydroxide 
(aleluim hydroxide Petraethylammoniur 


hydroxicte 


quaternary ammonium compounds certaim 
dyes, beryllium, seandium, yttrium, and the 
lanthanons (rare earths) 

Certain of the bases tested at pH 11 are 
missing from the list of those tested at pH 
12, but this is only because these particular 
substances dissociated insufficiently to reach 
pH 12 at 0.023 M concentration, and there 
fore could not be tested at pill 12 without 
addition of some other cation. No significant 
difference was observed between buffered 
and unbuttered solutions 

In an additional set of experiments the 
concentration of certain of the imorgani 


cations listed in Table 1 was increased sev 


A. M. A. 
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fold by 
salts while the 
at pH 11; no 


served. It ts 


eral adding the respective chloride 


alkalinity was maintained 


increase in injury was ob 
these observa 
Table 1 that 


injury of the denuded corneal stroma by 


apparent trom 


tions and the results listed in 


alkalies is in general governed by the pl 


rather than by the nature or concentration 


of the cation 

Incidental to these studies, variations were 
observed in the types of opacity which were 
induced by different alkalies, and variations 


have also been observed in different animal 


Comparison of the opacification induced by lime in 
<cised cattle cornea 

(upper lett) and 
ower leit) developed these different 


corneas of ditterent pec 


(on the rabbit) cornea 


human cor 


degree ol opacity alter minutes in saturated 


calcium hydroxide solution. Opacification was not 


ehint 
corneal thickne nce 


related to the human cornea 


was thicker, yet less opaque, than rabbit cornea 


species. Visual comparisons of excised beef 


rabbit, and human corneas atter ¢é 


x posure 


to a series of alkalies at 12 contirmed 


pl | 
previously been 


that the 


observations which have 


reported in the literature alkaline 


earths (calcium, barium, strontium) 


cause an opacity in beef and rabbit corneas 


which is whiter than that caused by sodium 


and potassium.’ However, in human corneas 


we have found the effect of calcium hydrox 


STROMA 


ide to difler in two respects trom that found 


in animal eyes. The opacity induced in 


human corneas by lime was distinctly less 
white than the opacity induced in beet and 


This 


shown by the corneas in the accompanying 


rabbit corneas difference, which 1s 
Figure, was not related to corneal thickness, 
since human cornea is intermediate in thick 
The 


other ditference in response of human and 


ness between beef and rabbit cornea 
animal corneas to lime has become apparent 
in biomicroscopic study of patients shortly 
after accidental exposure, In human corneas 
a lamina of granular gray opacity forms 
approximately at the level of Bowman's 
membrane, but in animal eyes we have not 
found this apparently selective localization 
attributable to 
the 


subprimates. The special whiteness of opac 


Possibly this difference is 


an absence of Bowman's membrane in 
ity caused by alkaline earth cations in animal 
had 


plained 


eves not yet been satisfactorily ex 


INVESTIGATION OF THE CHEMICAL REACTION OF 


ALKALIES WITH THE CORNEAL STROMA 


It has oceasionally been postulated that 


upon exposure of the cornea to alkahes a 
metal proteinate is formed,t but this pro- 
posed reaction has searcely been studied at 
all. In the present work measurements have 
been made of the extent to which various 
cations enter into combination with, or are 
“bound” by, the corneal stroma, and informa 
tion has been obtained on the components 
cornea 


The 


obtained are to be 


and chemical groups in the which 


are involved in this reaction methods 


employed results 


found more ful described in a separate 


publication. In brief, in those studies cor 


olutions of alkalies 


the 


neas were exposed to 


under various conditions and amount 


which wa 


by che Wile al 


hound was determined 
the 


had been 


ol cation 


analysis after unreacted 


portion of the solution removed 


by pressing in a hydraulic press. 


tion of the relationship of binding of cations 
and the pH of the solution revealed a steep 


t Reference 


4 
— 
2 and 6 
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increase in binding in the range from pH 
10.5 to 12, corresponding approximately to 
the range of steep increase in injuriousness 


Alkal 


*HyN*Cornea*COO + NaOH 


q= 


Water 


to the cornea which was shown in the pre 
ceding section of the present report. Com 
parison of the corneal stroma with purified 
collagen, with sclera, and with corneal stroma 
from which mucoid bad been extracted gave 
evidence that in near-neutral solutions the 
cations are bound almost exclusively by the 
mucoid of the cornea, but that with elevation 
of pH into the injurious range the increased 
binding of cations is accomplished by the 
collagen. The number of ionized acidic 
groups, such as carboxyl, and the net charge 
on the stromal proteins appear to be major 
factors governing the binding of cations 
This was ascertained in experiments in 
which the binding of cations was measured 
before and after various groups were blocked 
by methylation, by ammonolysis following 
methylation, by acetylation, and by reaction 
with formaldehyde and nitrous acid.§ 

The avidity with which the cornea binds 
various cations from solution was evaluated 
by comparing the binding of cations indi 
vidually and from mixtures. In essence, it 
has been found that at pH 12 the concentra 
tion of cations bound within the stroma is 
approximately 10 times the concentration 
of cations in the surrounding solution, owing 
presumably to the number of — reactive 
anionic groups in the tissue. The cornea 
binds approximately equimolar amounts of 
various cations from pure solution, but in 
solutions of mixed cationic composition the 
cornea has an approximately tenfold greater 
affinity for the alkaline-earth cations, cal 
cium, barium, and strontium, than for sodium 
and potassium. 

Combination of alkalies with both mucoid 
and collagen is rapid, but reversal by dilu- 
tion is relatively slow. Hydroxyl ions are 
consumed in the reaction at high pH and 
are regenerated when the reaction is allowed 


§ Kern, H. L., and Grant, W. M., paper in 


preparation 
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to reverse at lower pHi. The process en 
visaged may be exemplified by the following 


equation 


— H.N*CorneatCOONa+H.0 


The slow reversibility of this reaction and 
the gradual regeneration of hydroxyl ions 
presumably account for the common obser- 
vation that, following exposure of the eye 
to alkalies, neutrality is regained slowly de 
spite copious irrigation with water.|| 

The relationship of injury and the binding 
of cations by the corneal stroma is not 
known. The binding of sodium, potassium, 
calcium, barium, and strontium by the mucoid 
of the cornea near neutrality appears to be 
innocuous, and there is only the coincidence 
of increased binding by collagen with in- 
creased injuriousness in the range of pH 
11 to 12 to suggest a causative relationship 
Two principal considerations which remain 
to be elucidated are whether the presence 
of cation in association with collagen is in 
itself deleterious to the cornea, or whether 
the reaction of cations with collagen pro- 
motes some other reaction, such as the dis- 
placement of mucoprotein. Some informa- 
tion bearing on these points has been ob 
tained in the following experiments. 


Fate or Catctum Rasnit Eves Exposep 
ro Lime 

The corneas of anesthetized rabbits were 
mechanically denuded of epithelium and 
were then irrigated for 15 minutes with 
a saturated solution of calcium hydroxide 
(0.023 M, pH 12.4), followed by water for 
15 minutes. This exposure to lime caused 
complete whitening of the cornea and led 
to necrosis and eventual perforation of the 
eyes of most of the rabbits which were kept 
for observation. lor determination of the 
rate of disappearance of calcium, sample 
corneas were removed and analyzed at vari 
ous intervals after exposure. The results are 
listed in Table 2 

The normal calcium content of rabbit cor 


neas was found to be 0.2-0.6 mg. per gram, 


| References 2 and 6 


CORNEA! 


ind the elevated calcium content of the 
corneas which had been exposed to lime 
generally dropped back to the normal range 
within a day following exposure. The corneas 
were dense white immediately following ex 
this 


despite the 


posure to lime, and opacity did not 


appear to change subsequent 


decrease in calcium content. However, after 
the first day an interesting change occurred, 
which may not have a counterpart in human 
eves, In the rabbit eves there was commonly, 


but not invariably, a rapid secondary 


le vels 


immediately 


rise 
in calctum 
than those 


content to even greater 


observed following 


exposure to lime, and this was associated 


with the appearance in the cornea of hard 


Taste 2—Calcium Rahlits 


Exposure to 


Solution of Lime 


ontent of Corneas in 
Intervals After 
Saturated 


at Various 


Time Calelum Content, 
Following Mv per (itm 
Exposure Wet Wt 

15 min 1.8, 2.2,23 

»>min 2.3, 2.6 
2hr 09,14 
1.2,1.4 
~hr 0.3, 0.3,03,04,1.2 
days 0.2,1.7,56 
4 «aye 


7 days 


white plaques, whiter than the surrounding 
cornea. lhe phosphate content of the cornea 
was considerably at the 


found to increase 


same time. It seems highly probable that 
these plaques of secondary calcification in 
the rabbit owe their whiteness and opacity 
to the deposition of material containing cal 


The 


endogenous 


cium phosphate mechanism for the 


secondary, calcification 1s not 


known, but it may well be a rather non 


specific response in rabbits, for we have 


observed the same sort of calcareous plaque 


formation to follow myury of rabbit eves 


with a number of noncalcific chemicals (e. g., 


yttrium and several of the rare earths). 


Irrigation of rabbit corneas with a neutral 


solution of edathami] sodium (sodium 


ethylenediaminetetraacetate ) to remove cal 


cium rapidly following exposure to lime 


minimized the subsequent developrnent oi 


the plaques 


STROMA 


Incidental to the foregoing experiments 
we have corroborated the fact that the cal 
cium content of the cornea may be greatly 
raised at neutrality without causing opacif 
When the 


irrigated 


corneas ot 
10% cal 


the corneas 


cation.‘ denuded 


rabbits were with um 


chloride solution for 15 minutes, 
remained clear and subsequently re overed 
total calerum 


the 


well from the exposure 


content was elevated to same level as 
by irrigation with saturated lime. Llowever, 
bound by the cornea 


the proportion was 


not ascertained in this experiment, In rabbit 


eyes return to the normal level after ex 
posure of the denuded corneas to 10% cal 
cium chloride for 15 minutes required only 
two to three hours and was, accordingly, 
appreciably more rapid than after exposure 
to calcium hydroxide. The calctum content 
of the aqueous humor alter exposure of the 
10% 


chloride rose as high as 4 mg. per milliliter 


eyes of rabbits to solution of calcium 


(compared with O.1 mg. per milliliter in 


normal eyes), but following exposure to 


saturated calcium hydroxide for 15 minutes 
found in the calcium content 


The 


no rise 
of the 


Was 


aqueous humor elevation of 


-ealcium concentration in the aqueous humor 


caused miosis, but no sigmficant myury 


From the therapeutic standpoimt there seems 
therefore, to be no reason to try to remove 
anterior chamber by 


calcium the 


paracentesis of the cornea following lime 


burns 
high 
of calcium has been found to persist in the 


Since an abnormally concentration 


cornea for some time following exposure 
to calcium hydroxide, consideration has been 
given to whether the degree of injury might 
length of time the 


lhe 


bility of the reaction of calcium hydroxide 


be influenced by the 


excess calcium remains slow reversi 


with the cornea, suggested by the observa 


tions on rabbit eyes described in previous 


paragraphs, has been corroborated in ex 
periments on excised cattle corneas.# It wa: 
© References 2 and § 
#Kern, H. L., and 


preparation 


Grant, W. M 


paper in 
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found that the calcium bound by these cor 


neas during exposure to calcium hydroxide 


(for one hour) could be only gradually 


extracted by washing with a large volume 
of water during several days. An attempt 
to accelerate the release of calcium and to 
this 


corneal injury has been made experimentally. 


evaluate the influence of treatment on 


Edathamil sodium in approximately neutral 
(pH 7 to 8} solutions has been utilized for 
irrigation of lime-exposed corneas in rabbits 
with the aim of removing calcium as rapidly 
as possible. This substance has low toxicity 
to the cornea under the conditions selected. 


It is a highly efficient chelating agent tor 


calcium, and might be expected rapidly to 
eliminate free calcium and possibly to pro- 


mote the release of the bound form. By 


measurements on rabbit cornea in vivo and 
on human cornea in vitro, it has been deter 


mined that during the first hour after ex 


posure to lime the total caletum content of 


the cornea can be more rapidly reduced by 
irrigation with edathamil sodium than by 


irrigation with water. Iexperimentally, to 


test the effect on lime burns, 23 rabbits have 


been given symmetrical exposure of the 


corneas to saturated solution of calcium 


hydroxide, and in each rabbit one eye has 


been treated by irrigation with a solution 


of edathamil sodium, and the contralateral 


eye has been irrigated equally with water 


The 


as a control conditions of exposure 


to saturated varied trom a maximum 
of 15 minutes’ irrigation of the whole eye 
after removal of the corneal epithelium, to 
a minimum of 15 minutes’ localized applica 
cornea by 


tion to a central disc of intact 


means of a 5-mm.-diameter glass suction 


cup. The concentration of edathanul sodium 
employed was varied irom 0.01 to 0.1 M, 
and the duration of irrigation from 15 to 45 
minutes, During subsequent observation for 
as long as seven months it was found that 


did 


greatly benefit the lime-burned rabbit eyes 


treatment with edathamil sodium not 


under any of these conditions. |lowever, in 
6 out of 23 rabbits the corneas treated with 
edathamil sodium ultimately appeared slightly 


less opaque than the control eyes, and in 
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the worse than 


The with 


sodium did not cause permanent damage to 


no case was treated eye 


the control treatment edathamil 


normal eyes, although at 0.1 M concentration 
the solution induced transient stromal edema, 
considerably more than did similar treatment 
0.01 M 


solution caused no appreciable irritation 


with water. At concentration the 

Experimental results with edathamil so 
dium correspond essentially to our clinical 
experiences with this substance in treatment 
When 


opacification has extended deeper than ap 


of lime burns of human corneas 


proximately the level of Jowman’s mem 
brane, irrigation with edathamil sodium has 
had ettect 


calcific which 


no notable Only the superficial 


opacities resemble those of 


endogenous band keratopathy respond no 


ticeably to treatment with edathamul sodium. 


Clinically, edathamil sodium has been found 


to have practical application in removal of 


these superficial calcific opacities '; also, for 


emergency decontamination of eyes exposed 


to solid particles of lime, irrigation with 


edathamil sodium aids in release of particles 


which otherwise tend to adhere tenaciously 


to the conjunctiva and cornea.* 


Since edathamil sodium was found to 


have little influence on deep opacities induced 
in the corneal stroma by lime, a second form 
of treatment, irrigation with dilute hydro 
Beneticial effect 


chloric acid, was evaluated 


has been claimed for this treatment in human 


eyes, and in our chemical studies we have 


observed that acid is effective in extracting 


calcium from lime-exposed cattle corneas in 


vitro. To investigate the effect on corneal 


opacification Irom lime the same experi 


mental procedure was employed as des ribed 
edathanul sodium = in 
that 


at pH 1 and pli 2 was 


in the evaluation ot 


rabbit eyes, except hydrochloric acid 


ubstituted for the 
with acid 


edathamil sodium. The treatment 


caused immediate 


of the 


clearing 


rabbit 


some temperary 


lune-induced opacity of the 


corneas, but subsequently the opacification 


* Potts, A. M 


authors. Gaines, S. R., 


Personal communication to the 
and School, R I 


authors 


Persona! 


communication to the 


a 
A. 
4 
4 
4 


of acid-treate cornea hecanw 


VOTS¢ that ol the controls 


treatment on normal corneas caused miucl 


less damage than it did on corneas which 


had been ¢ po ed to lime | Wil 


that 


conclude 


attempt rapid removal 


cornea 


trom the 


chloric acid has more 


ficial effect 


The failure reduce stromal opacity in 


lime-burned eves by treatments which utilize 
acid tor 


addi 


not cle 


edathami]) lium or hvdrochlori 


rapid removal of calerum constitutes 


tional ¢ | that the opacity 1 


pendent upon the continued presence ot 


calcium. Furthermore, these results indicate 


that in the initial reaction of the cornea with 


lime some change is wrought in the cornea 


itself. and that this is not reversed by re 


moval of lime or by lowermeg the pil 


INFLUENCE OF ALKA Mucor 


The 


stroma im the region ot pli 12 appears: 


binding of cations by the corneal 


to be 


associated in some way with injury of the 


corneal stroma which is not reversed by 
subsequent elimination of the cation No evi 
dence has been found of permanent altera 
has 
for change 


We 


miu oid 


tion of the collagen, but some evidence 
been presented in the literature 
in the mucoid portion of the stroma. 
have reexamined the status of the 
by repeating the experiments of Haurowitz 
and Braun,’ and by evaluating in other way 
the 


posure of the 


extractibility of mucoid following ex 
cornea to alkalies 

Haurowitz and Braun t came to the con 
clusion that lime (calcium hydroxide ) caused 
a precipitation of mucoid within the cornea 
and that this precipitate was responsible for 
the opacity of the cornea This precipitate 
they believed to consist of de natured mucoid, 
not a persisting combination of calcium and 


had 


remiaimn 


mucoid, because they observed that 


idded did 


cornea even though the opacity did 


calcium not long in the 
heir 


+ References 2, 4, and 5 


t References 4 and 5 


conclusion that mucoid was precipitated in 


the cornea was based principally on experi 


ments in which cattle corneas were soaked 


for 15 minutes in lime solution and were 


compared with normal corneas by the follow 


ing procedures: Groups of tour normal and 


four lime-exposed corneas were extracted 


for eight davs with a 0.2‘ olution ot am 


the 
Walls 
or 0 5 N 


tt mperature 


monium hydroxide with daily change ot 


extraction fluid. leach group of corneas 


then soaked for 24 hours mn 10 ml 


hydrochloric at room 


subsequently, the acid extracts were heated 


for half an hour at 8O C. Next, the extracts 


were neutralized with 10 ml. of 0.5 N sodium 


hvdroxide and tested for reducing sugar by 


adding 5 ml. of Fehling’s solution and heat 


Weak 


was observed the 


ing reduction of the Fehling solution 
normal 
in that 
the lime-exposed corneas. This was 


that 


extract trom 


corneas, but strong reduction, from 


miter 
preted to mean 


more mucopolysa 


charide was extractible with acid from lime 
exposed corneas than trom normal corneas 

We have repeated the above experiment 
but Fehling’s test for 


acid 


obtained a negative 


reducing the extract from 


both 


sugar in 


groups of corneas. Furthermore, we 
have found, on examining this experiment 
closely, that an 


more amount ot 


both 
the 
and that no significant 


equal 


mucopolysaccharide 1 removed from 


normal and lime-exposed corneas by 


ammonia extraction 


difference in residual saccharide is detectable 


in the acid extracts even by means of a 


more sensitive test than that based on 


Fehling’ olution (the  Nelson-Somogy! 


arsenomolybdate technique). lurther, sys- 
tematic variation of the time and temperature 
failed to yield results like 
Haurowitz and Braun 


these 


of acid hydrolysi 


those of Thus, con 


trary to investigators, we found no 


evidence by this type of experiment to sug 
gest that mucoid is precipitated in the cornea 


by lime 


Secking further information on the in 


fluence of lime on the mucopolysaccharide 


of the cornea, we have examined the 


this 


ex- 


tractibility of ubstance by 


gentle 
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1/} {/ ] ON RN] TROM 
: 
jeans of dilute hydro EE 
detrimental than bene 


methods from normal and lime-exposed cor 
neas. We have found that less than 5% 
of the mucopolysaccharide (based on ester- 
sulfate assay) of normal beef corneas 1s 
extractible in 24 hours by means of 0.9% 
solution of sodium chloride at room tem 
perature. Utilizing this rather inefficient, yet 
physiologic, extractant, we have compared 
the rate of extraction of mucopolysaccharide 
from normal corneas (beef) and from cor 
neas which had immediately previously been 
exposed to saturated solution of calcium 
hydroxide for 10 minutes. The pl of the 
aline solution was held close to neutrality 
by measurement with a glass-electrode pH 
meter and addition of necessary amounts 
of hydrochloric acid. It was found that two 
to three times as much acid polysaccharide 
was extractible from the lime-exposed cor 
neas as from the normal controls. Investiga 
tion of the influence of the pH of the lime 
solution revealed that only when the initial 
exposure was more alkaline than pli 11 
was the subsequent extraction of acid poly 
saccharide by isotonic saline solution sig 
nificantly en! anced. This apparent liberation 
of a portion of the mucopolysaccharile of 
the cornea by the action of lime suggests 
some similarity to the action of sodium 
hydroxide, which, as mentioned in the intro 


hserved to diminish the 


duction, has been o 
hexoseamine content metac' romatic 
staining. This phenomenon presumably 
a counterpart of the observation by Woodin 
of dissociation of corneal mucoprotein at 
pH greater than 12.7 Whether a dissociation 
or depolymerization of mucoprotein is re 
lated to injury of the cornea in the clinical 
sense remains to be determined by further 
experiment 
CONCLUSIONS 

In general, the severity of injury of the 
corneal stroma by alkalies is governed by 
the pli rather than by the nature of the 
cation llowever, there are exceptions to 
this rule in the case of certain substances 
which even near neutrality are injurious to 
the cornea (e.g., long-chain quaternary am 
monium compounds, certain dyes, beryllium, 
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and the lanthanons); these substances will 
he discussed in a separate paper. The gen 
eral rule applies to the reaction of the stroma 
alone; the epithelium may modify the result 
by influencing the rate of penetration of 
substances from the outer surface to the 
stroma 

Sodium, potassium, calcium, barium, and 
trontium are bound by the mucoid of the 
cornea in an innocuous manner near neu 
trality;: but as the pH iS im reased, these 
cations are bound in increasing proportion 
by the collagen, particularly in the range 
corresponding to steep increase im injurious 
ness. Ionized anionic groups in the tissue 
are essential for binding cations, and the 
binding may be experimentally blocked by 
blocking these groups. Injury is not reversed 
by subsequent elimination of the cations 
from the cornea, and the opacity in rabbit 
eyes which is induced by exposure to lime 
persists despite return of the calcium content 
of the cornea to normal. Speeding removal 
of calcium from the stroma by irrigation with 
edathamil sodium (sodium ethylenediamine 
tetraacetate) has slizght influence on the 
stromal opacification, alt) ough this treatment 
is very effective in removing calcific deposits 
which are superficial to the stroma in human 
eyes and is useful in’ emergency decontam 
ination of the eyes of patients after exposure 
to parti ulate lime. Irrigation of lime burned 
rabbit eyes with dilute hydrochloric acid 
(pH 1 and 2) results in worse injury than 
that from lime alone 

Reversal of the binding of cations by the 
stroma by means of dilution (was! ing the 
cornea with water) occurs relatively slowly 
and is accompanied by regeneration of 
hydroxyl ions; this accounts for the notori 
ous slowness with which the eye regains 
neutrality following exposure to alkalies in 
spite of copious irrigation with water or salt 
solution 

No evidence was found for preci itation 
of mucopolysaccharide in the cornea by lime. 
Instead, the extractibility of the mucopoly- 
saccharide of the cornea by 0.9% sodium 


chloride solution was found to be increased 


1LK 1L/ 1/ ROMA 


S Hughes, W. I and 


Tolerance of the Cornea, 


briedenwald, | 

of the cornea to lime Herrmann, H.: Acid-Base 
Arch. Ophth. 31:279-283, 1944 
Further experimentation will be necessary 


twofold to threefold tollowing brief exposure 


4. Braun, G., and Haurowitz, F.: Experimentelle, 


to establish whether the binding of cations 
isto rische und therapeuti che Versuche 


by the cornea at alkaline reaction and the der Kornes, Klin, Monatsbl. Aumenh 


release of acid mucopolysaccharide are inter 70:157-165. 1923 
phenomena are 5. Haurowitz, F., and Braun, G.: Zur Kalk 
a, Ztschr. physiol. Chem, 128: 


veratzung d 


related, and whether these 
related to corneal opacification 
79-89, 1922 

6. Carpenter, C. P., and Smyth, H. F.: Chemical 
1. Grant, W. \ w Treatment for Calcific Burns of the Rabbit Cornea, Am. J. Ophth. 29: 
Arch. Ophth. 48:681 1363-1372, 1946 
685, 1952 7. Woodin, A. M.: The Properties of a Complex 
2. Hughes, W. | Alkah Burns of the Mucopolysaccharide and Proteins of the 
Arch. Ophth 35:423-449, 1946 Cornea, Biochem. J. 58:51-57, 1954 
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News and Comment 


SOCIETY NEWS 


The Association for Research in Ophthalmology, Inc.-I he Mid-West Section 
of the Association for Research in Ophthalmology wall meet at Northwestern 
University in Chicago on Saturday, March 17, 1956. The Chicago Ophthalmological 
Society will have a meeting on the following Monday, March 19, 1956, so that 


those who attend the Mid-West Section may also attend the Chicago Society 


meeting if they wish 
The Section is anxious to have a selected and varied program that will have 


a wide appeal to the associated sciences related to ophthalmology. ‘The title and 
a short resumé of the subject matter of investigation should be sent by Oct. 21 
to the President, Arlington C. Krause, M.D., 950 bk. 59th St., Chicago 37 


ANNOUNCEMENT 


Appointment of Dr. David G. Cogan.— Dr. David (1. Cogan, Director of the 
Howe Laboratory of Ophthalmology of the Harvard Medical School and the 
Massachusetts Ikye and lear Infirmary, in Boston, has been appointed to 
on the National Advisory Neurological Diseases and Blindne Council 
appointment was announced by Surgeon General Leonard A. Scheele, of the 
Public Health Service, Department of Health, I-ducation, and Welfare 


Dr. Cogan, a noted investigator into the causes of blindness, has served as 
earch Council, the Public Health Service, the Worl 
ted in ophthalmic disorder With 


a 
consultant to the National Res | 
Health Organization, and other groups intere 
his new appointment, he becomes one of the 12 Council members who advise the 

Nationa! 


Surgeon General on an important part of the research program: of the 
] | 


! Blindness, Bethesda, Md 


Institute of Neurological Diseases and 
Upon recommmendations of this 

in 1950, the Surgeon General awards 

and other nonfederal institutions throughout the country for the conduct of research 

and sensory disorders, including cerebral palsy, multiple 

s and blindnes 

and Blindness is one of seven 


Council, as established by Act of Conere 
grants to scientists in hospitals, universities 


into the neurological 
sclerosis, epilepsy, and diseases causing deafnes 

The National Institute of Neurological Disease 
and other nonfederal institutions throughout the country for the conduct of research 
branch of the Public Health Service. Each Institute conducts a research grant 
program aided by a National Advisory Council. The members of these Councils 
are leaders in science, educational, and public affairs. They meet three times yearly 


at Bethesda, Md 
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Clinical Notes, New Instruments and Techniques 


A NEW CONTACT LENS ELECTRODE FOR CLINICAL ELECTRORETINOGRAPHY 


JERRY HART JACOBSON, M.D., New York queezing of the lids that are ft und when a 
peculum is used. Over 300 ERG's have beet 
performed with this lens, with no difficulty 


he ler nanufactured | (obrig boratories 

M CH OF the difficulty in performing Phe lens is manufactured brig Laboratoric 

by Robert R 


due to the ciseomfort ot the contact lens elec 


trode and, to a greater degree, of the specu Berger 
lum recommended by Karpe x80 Fifth Ave. (21 
In an effort to overcome this difficulty, 
the illustrated lens was devised. It 1s a con Above, external view of len below internal 


view of lens 


ventional scleral type contact lens, 24 by 25 
mm., with two tubular tunnels projecting 


from the convex surface, These are 2 mm 
in diameter and 10 mm. long. One contains 
the silver-silver chloride electrode the 
joint by which the electrode is attached to 
a wire lead, which connects to the input of 


the ERG machine. ‘The second tunnel ts 

hollow and is used, after the lens ts in place, 

to fill the lens with isotonic saline in a ha 

methylcellulose solution 
A large part of the discomfort of the test + “ 


as previously performed was produced by 
the manipulation required to fill the lens after 
insertion when the lens of Karpe was used 
This new lens is easily filled, after insertion, 
without moving it, by inserting the end of 
a fine dropper filled with the solution into 
the tunnel. The methyleellulose is far superior 


to the aqueous saline originally used, since 
it does not tend to run out of the lens, thus 
preventing the formation of an air bubble 
The two projections from the external sur 
face serve to keep the lids from closing, but 
do not produce the discomfort and consequent 


31, 1955. 
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GLAUCOMA 
A Review of the Literature for 1954-1955 
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I. THE PRIMARY GLAUCOMAS 
A. CLASSIFICATION 
VIDIENCE supporting the classi- 
fication of the primary glaucomas into 
narrow- and open-angle glaucoma has been 
discussed in the preceding Annual Reviews 
on glaucoma. The many facets of this con 
cept are deseribed by Roper ' in a discussion 
of the etiology and diagnosis of primary 
glaucoma. The literature for 1954-1955 has 
contained nothing of significance regarding 
the amphtication or refinement of this con 
cept 
Further evidence of harmony is reflected 
in the writings of the proponents of the so 
called mechanical and neurovascular schools 
of the pathogenesis of glaucoma. Sir Stewart 


Duke-llder, 


symposium of the International Congress 


in speaking of the glaucoma 
of Ophthalmology, states, “The symposium 
made it abundantly clear that this distinction 
did not in fact exist; differences in approach 
and in the technicalities of the language 
accounted for differences in view-point which 
were discovered to be more apparent than 
real,”’ 
Sugar * agrees that the mechanism of pri 
mary glaucoma cannot be thought of on the 
basis of conflicting mechanical or neurovas 
cular mechanisms The mechanical mech 


anism is activated by neurovascular stimuli, 


while the neurovascular mechanisms often 


require some mechanical changes to be ef 


lective 


Thus, it would seem that in general a 
unanimity of opinion has arisen regarding 
the classification and clinical course of the 
primary glaucomas. This calm, however, has 
not produced any diminution of effort toward 
the eventual understanding of the patho 
genesis of glaucoma, as is demonstrated by 
the excellence of the experimental werk 


which has appeared 
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Kinsey * justifies his conclusion that both 
secretion and diffusion are simultaneously 
active in the formation of the aqueous. Meas- 
urements were made of the rate of accumula- 
tion of sodium and thiocyanate in the pos- 
the 
entrance of 


and anterior chambers of rabbit 


The the 


to the posterior chamber were found to fit 


terior 


eye, data for sodium 
a curve derived from a secretory hypothesis, 
whereas those for the thiocyanate were found 
to fit a curve from a diffusion hypothesis 
By application of an elaboration of a theory 
the deter 
minations, the rate of flow out of the anterior 


of aqueous humor dynamies to 
chamber would appear to be between 1.7% 


and 2% per minute of the volume of the 


anterior chamber, 

has improved the paraamino- 
hippurie acid method for estimating rate of 
flow of aqueous humor and found it to be 
1.1% per minute of the volume of the anterior 
chamber, This discrepancy is discussed in 
Kinsey's * paper 

An result of the 
above experiment is reported by Barany and 


obviously stimulating 
Wirth,” who found a very marked decrease 
in the the 


occasional result of paracentesis of the con- 


rate of flow of aqueous as an 
tralateral eye in rabbits. 

Evidence of some regulating mechanism 
for outflow is presented by de Roetth.? Using 
the tonographic method of Grant, he was 
able to show that hypertonic (sorbitol) solu 
tions caused a decrease in aqueous flow, 
whereas hypotonic (water) solutions caused 
an increase in flow, This was true in both 
normal and glaucomatous eyes. There was, 
however, a. startling difference in outflow 
between normal and glaucomatous eyes. In 
eyes with chronic simple glaucoma the facility 
of outflow did not seem to change with the 
above changes in inflow, whereas a com 
pensatory alteration of outflow was noted in 
normal eyes. Thus, the resistance to outflow 
appears to be an elastic changeable factor 
in normal eyes, 
of this outflow mechanism 


Dvorak-Theo- 


The anatomy 


receives further study from 


bald.* 
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1. Narrow-Angle Glaucoma 


The 


ciation of the critically narrow angle with 


asso- 


the aging process is emphasized by Korn- 
zweig,” who discusses angle-narrowing fac- 
tors, such as the increased anteroposterior 
diameter of the lens, thickening of the ciliary 
processes, and progressive diminution in size 
of the pupil 


Chandler and Trotte: detine subacute- 
angle-closure glaucoma as a form of glaucoma 
in which the elevation of tension is due solely 
to closure of the angle, but in which the entire 
so that the 
attacks of elevated tension are not as severe 
In the 


returns completely to 


angle is not closed at one time. 


and intractable as in acute glaucoma 


early stages the eve 


normal between attacks, but after repeated 
attacks a portion of 


portions of the angle 


may remain closed by peripheral anterior 
synechiae, or the trabecular meshwork may 
be damaged by the repeated closure of the 
angle, or both may occur. In early cases any 
significant tension rise occurring under faith- 


ful miotic treatment is justification for a 
peripheral iridectomy. 

difhieult to 
reconcile with partial closure of the angle, 


it 


In a concept which would be 


Posner expresses belief that an iris crypt 
is sufheient to prevent cohesion of the iris 
trabeculum 


root and 


from occurring and 


thereby prevent an attack of narrow-angle 


vlaucomia., 

The part of emotion in producing acute 
glaucoma is emphasized by Diener,’* whereas 
(Gserloff relates acute attacks to meteorologi 
cal conditions, Lo '* found that acute attacks 
were commonest in China during August, 
September, and October, the rainy season 


2. Wide-Angle Glaucoma 


The basic con 
cepts of circulation of the aqueous in glau 
coma are discussed simply and briefly by 


Posner.'® 


(a) con- 


Hypersecretion: Magitot,’® a 
firmed believer in the vascular etiology of 
all forms of glaucoma, reemphasizes his belief 
that the elevation of 


intraocular pressure 


is merely a symptom of glaucoma and re 
sults from engorgement of the uveal capil 
laries with resultant hypersecretion of fluid 


He explains all the other symptoms of glau 


a 
1. 
— 
|__| 


GLAUCOMA 


held 


vascular origin, but does not explain the 


coma, including defects, as being of 
lack of confirmation of hypersecretion pro 
vided by tonography and fluorophotometry 
(1) Trabeculum 
that the 


tance of the corneoscleral trabeculum is in 


(by) \queous Retention 


Linneér concludes outflow resis 
creased in eyes with chronic simple glaucoma 
as a result of measuring the pressure drop 
between the anterior chamber and the canal 
of Schlemm. He 3.86 


Hy in normals, whereas it 


found it to be mm. 
10.47 mm. 


Hy in patients with chronic simple glaucoma 


Wials 


He Was unable to conhirni \sche rs observa 


tion that the number of aqueous veins was 


less in eyes with chronic simple glaucoma 
\ similar finding is reported by Perkins,’* 
the 
eyes and found the pre 


e 10% 


who cannulated canal of Sehlemm = in 


monkey ssure in the 


canal of Schlemm to | less than in 


the anterior chamber. In histologically con 


firmed incisions of the trabeculum this tra 
becular resistance decreased remarkably, 
allowing flow to increase two to three times 

Weekers and Delmarcelle, a fluo 


rescein instillation test, also report that glau 


using 


coma in most forms is due to an increased 
resistance to flow 

The pore size of the trabeculum has long 
been a debated subject. Hugyert injected 
and 


bacteria into the anterior chamber and col 


suspensions of chromium phosphate 


lected aqueous samples from the episcleral 
veins, Particles of 1.5 to 4p passed through 
human from to 2.4p 


trabeculae and 


through rabbit trabeculae 


Thiel 


material in the aqueous of glaucomatous pa 


noted clumps of vitreous cellular 


tients with the electromicroscope. In view 


of Huggert’s findings, the size of these clumps 


would be of interest 
(2) Aqueous veins. The study of the 
aqueous veins by Ascher has led him to 


the conclusion that primary glaucoma is an 
the 


variance with the find 


obstruction 


peripheral to canal of 


Schlemm. This is at 


ings of Linnér,’? who did not find a statis 
tically 


across the outlets of 


significant difference pressure 


the canal of Schlemm 


between normal and glaucomatous patients 


(3) Venous pressure. Boles-Carenmi ** 
found the venous pressure to be significantly 
higher during the morning in glaucomatous 
patients. In some cases of glaucoma he felt 
that the systemic venous pressure attected the 
thus the 
intraocular pressure and the diurnal varia 


tions 


aqueous outflow, and indirectly 


This did not occur m normal persons 
Dobree ** suggests that the venous pres 
sure rise may be secondary to the intraocular 
pressure. If the intraocular pressure rises, 
the pressure is transmitted in the first place 
to the intraocular veins, and hence the resist 
to the blood through 


COTMpensatory 


ance flow ol 


the eye 


is raised. A rise in arterial 


pressure wall result, with possible widening 


of their Jumen. In absolute glaucoma the 
caput medusae may result because the arteries 
cannot overcome the intraocular pressure 


and therefore the blood Is 


shunted into the 


superficial veins 


(4) The hypothalamus. Von Sallmann,®* 


found an area in the dorsal hypothalamus 
that, resulted 


in elevations or falls of intraocular pressure 


when electrically stimulated, 
which were tsolated events and apparently 


were in no way connected with changes in 


tence blood pressure or in the activity 
of the extraocular muscles. It was felt that 
this response was vascular in nature. No 


evidence of a large center could be found, 


lor even slight movement of the electrode 


would alterations in 


the 


Callse 


response, and 


Irequently involve 


bloc 


extraocular muscles 


or system pressure 


Kaneda,*" in a similar experiment, found 


the intraocular pressure changes proportional 
to the systemic 


blood pre 


ure changes 
Indirect evidence of hy pothalannic control 


Is sugvested by 


Stepamk,?” who found an 


inverse relationship between the intraoculas 
pressure of eight glaucomatous patients and 


their eosmophile count 


Since he a 
that the cosinophiale level is controlled by the 
hypothalamus, he concludes that the intra 


ocular pressure is too 


Lebedinskata studied the functional con 


dition of the cortex in 45 glaucomatou pa 


tients by the speech-motor method of Ivanon- 
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Smolinsky and found that over half of the 
patients gave an abnormal response. 


(5) Allergy. A case of acute congestive 
glaucoma is reported by Wiseman and 
Moore * in which attacks were precipitated 
by orange juice or peas and were absent 
when these were eliminated. 

The diet records of 62 chronic glaucoma 
patients were calculated for calories and 
eight nutrients by Maslansky,*® and no evi 


dence of deficiency could be found. 


(6) The endocrine system, Schmerl and 
Steinberg * have isolated two pituitary hor 
mones from the spinal fluid of men and 
rabbits. One, named hyperpiesin, was found 
to act upon parasympathetic centers, pro 
ducing vascular dilation of ocular vessels 
and a consequent increase in tension. Mio 
piesin influenced the sympathetic centers, 
with a resultant vascular contraction and 
a decrease in tension. Apparently, the an 
terior pituitary secretes hyperpiesin. ‘The 
hormone is then modified quantitatively ac 
cording to the demands of the organism 
by the posterior pituitary tissue. Hyper 
piesin is acted upon by some catalytic sub 
stance, probably an enzyme, and a part of 
the hormone is converted to miopiesin, A 
physiological balance is established thereby 
and maintained as long as normal conditions 
exist. 

When the injection of hyperpiesin raised 
the intraocular pressure more than 10 mm 
Hyg in rabbits, congestive signs appeared. 

Ambrosio felt that in 12 men with 
chronic glaucoma he could demonstrate a 
deficiency of testicular hormone 

(7) Miscellaneous factors. Urrets Zavalia®* 
suggests that the resistance to outflow in 
chronic glaucoma is explained by various 
changes in the angle, such as diffuse sclerosis 
or hyaline degeneration, or by increase in 
the intrascleral venous pressure. All of these 
factors are secondary to a sclerosis of the 
capillary network in the anterior uvea. A 
similar sclerosis of the capillary network 
of the circle of Haller and in the retinal 
vascular tree may be the cause of the lacunar 


* References 31 and 32. 
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degeneration of the optic nerve and the al- 
terations of the visual field. 

Brand's ** work would support this view, 
for he has shown that in a population of 119 
glaucoma patients 12 out of 44 deaths were 
the result of cerebral hemorrhage. This is 
twice as high an incidence of apoplexy as 
in nonglaucomatous aged hypertensive per- 
sons, 

Further evidence that glaucoma is asso- 
ciated with a general vascular disease is 


shown by Sokolowski,®** who found impaired 
hearing in 58% of 40 cases of glaucoma and 
diplacusis in 30%. A similar finding was 
reported by ten Doesschate and Landsberg.*’ 

The hereditary nature of familial glaucoma 
was studied by Desvignes and Chardin * in 
16 families and found to be dominant, with 
50% of the members in the first generation 
and 25% of the members in the second gen- 
eration affected. The phenomenon of antici 
pation was common. In nonfamilial glaucoma 
the subsequent occurrence of glaucoma was 
no greater than normal. Penzani *’ traced 
glaucoma directly through four generations 
of one family 

Constitutionally, Funder believes that 
ylaucoma is more likely to develop in the 
pyknic type 

Huerkamp and Zieglitz * report that the 
ozone concentration of the air was not cor 
relatable with the ocular tension of glauco- 
matous persons. Cristini,“ however, felt that 
the oxygen uptake of the uvea is greater 
in glaucomatous patients, suggesting that in 
the glaucomatous eye there may be a slowing 
of the circulation, facilitating the liberation 
and diffusion of ©O* from the vessels into the 
tissues 

3. Low-Tension Glaucoma..Alajmo and 


discuss three cases, diagnosed 


Simonelli 
as glaucoma, in which the condition was 
due to pituitary adenoma in one and to optic 
arachnoiditis in the second; in the third the 
etiology could not be established Bailbe ** 
presents a case of embolism of the left central 
retinal artery occurring in a patient with 
thrombosis of the internal carotid artery 
on the same side, and Comberg,*® a case of a 
65-vear-old man with bilateral glaucomatous 


— 
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excavations in which all provocative tests 


were normal and the tension was never 
above 30 mm. Hg 
Most of the above cases cannot be con 


sidered as instances of true low-tension 
ylaucoma but are included here to point out 
the importance of a caretul ditferential diag 
nosis 
C. 

1. General Considerations. oote found 
that the Arkansas, 
Indiana, Kansas, Missouri, New Hampshire, 


York 


OO% ol 


13% ot blindness in 


and New was due to glaucoma. In 


the 


glaucoma, and Byornsson * 


clue 
that 


Iceland, blindness 1s 


feels this 
high figure is due to seli-neglect 
In Cleveland, 


12,000 cases in one day, 


were taken in 


and of these 1.87% 
ieel 


tensions 
had glaucoma Wolpaw and Sherman ** 
that it would be more practical to teach 
tonometry to the general physician. 

[ris atrophy occurring in chronic ylaucoma 
\learts,*” 


it is a vascular phenomenon It always starts 


is discussed by who concludes that 
in the superior temporal quadrant and pro 
ceeds toward the inferior nasal quadrant. 

that the 


larization of the veins near the dise in chron 


Sengupta believes neovascu 


simple glaucoma is probably a shunt, due 
to partial obstruction at arteriovenous cross 
Ings 

Phe Maxwell spot (an entopic phenomenon 
caused by a local nonunitorm distribution 
of the chromatic receptors in the lovea ) and 
the 


nomenon due to the absorption ol polarized 


Haidinger brushes (an entopic phe 


light in the doubly refracting substance o1 
Henle’s fibers) are unreliable tests for the di 
agnosis of glaucoma, according to Schnudt.” 


2. Tonometr\ Zeller and Christensen 


and (junderson “ believe that routine tonom 


etry as a part of every general physical 
examination would prevent much unneces 
sary visual loss. 

Weekers and. associates checked the 
ocular tension in 300 normal patients and 
found that a tension higher than 25 mm 
Hy was pathologic. Suda, Inamochi, and 


Ikuta ** observed tensions of from 12 to 
25 mm. Hg in 95% of 3174 normal eye 


lhe standard error of tonometry in humans 
was calculated at + 0.37 scale unit by Rohr 


schneider and Kuechle For rabbits it 


was +0.75 scale unit. 
An editorial 
bration 


Meluean 


intraocular 


referring to the new cali 
Schigtz, (Cradle-Schigtz, 
that 
mg. 


encountered in 


scale tor 


and tonometers also states 


pressures higher than 25 


on the new scale are rarely 


normal eyes. This new seale is published 
again in this article, and also in the British 
Journal of Ophthalmology 

he four methods of calibration of tonom 
Ja kson who feels 


eters are discussed by 


that a detailed physical examination of the 


tonometers is the most practical method. 
Posnet briefly reviews. the mechanics 
of tonometry, using the Schigtz type of 


instrument and, in a paper with Mamelock,”’ 
tells of his experiences with Wiegersma’s °* 
This ts a light weight 


mstrument, 


elastomete! very 


designed princi 


ballistometri 
pally for the determination of o« ular rigidity 
Posner feels that thus 
only the elasticity ot the cornea and has no 


mstrument measures 
clinical value as a tonometer. 

Methods 
type tonometer are 
who flames the foot plate with an alcohol 


the Schigtz 
Dreisler,”” 


for sterilization ot 


described by 
burner, and by Rosner,®* who has devised 
a stand utilizing ultraviolet-radiation-ozone 


exposure, 


3 Provocative Tests.—-Leydhecket has 
written extensively of the provocative tests 
1 a discussion of their reliabilit the vari 


ous tests were evaluated on patients with 
hye Vasculat 


(butyl ympatol ) ol tolazoline ( Priscoline ) 


ocular tensions below 30 mm 


test was the most reliable in patients with 
open-angle glaucoma, giving 55%-70% re 


he 
separate paper” 


sed in a 
the 


sults tolazoline test is diseu 


consist at sub 


this 


and 


conjunctival injection ot vasodilator 


The water-drinking test provides one third 
positive results and should be administered 
prior to the tolazoline test 

Using the homatropine provocative test,’ 
{.eydhecker found that 


angle glaucoma did not show 


78 eves with wide 


an abnormal 


tension, whereas m 25 eyes at 


increase 
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flicted with narrow-angle glaucoma the in- 
crease in tension reached pathologic zones. 


Gomoscopy showed that the angle of the 


anterior chamber was constantly blocked 


when a positive result occurred. 


In another paper, the caffeine test" was 


described as very unreliable in glaucoma, 
giving only 15% positive results in eyes with 
30 mm. He 

Finally, the mean rise to be considered as 


test 6 


tensions below 


sugpyestive in the catfeime is 


Hy 


1s 


Hy, and a rise of 9 mm. is pathologic 
the water-drinkiny test a rise of & mm 
Hy 


lor the homatropine test, & and 


is sugvestive and a rise of 10 mm 


pathologic 
12 


for the Vasculat test, 


mm. ; for the lability test, 9 and 11 mm 
1] 
lor the tolazoline test, 11 and 14 mm, Hg, 


and 15 mm., and 
respective] 

Studying the effect of the water-drinking 
test systemically, Campbell and associates °° 
found that diuresis m the glaucomatous pa 
tent with respect to volume of urine, specific 
yravity, and secretion was the same as amony 


The blood fell 


maximum intraocular 


normal sodium at 
the 


pressure but not proportionally to the rise. 


subjects 
point of rise im 
The blood sodium showed a higher initial 
level and wider variation during the test in 
the glaucomatous patients. 

Two unusual patients whose tension be- 
came elevated during reading or sewing and 
whose angles became obliterated at the time 
the pressure was elevated are discussed by 
Higgitt and Smith.” Surprisingly, the ten 
sion could be controlled by either miotics or 
the 


drinking tests were negative. It is suggested 


mydriatics, and darkroom and water 
that during accommodation a rotation of the 
cilary body oceurred about the scleral spur 
and that this caused an apposition of the 
root of iris to the corneoscleral trabeculum. 

Del Rio Cabafias and Cadefias ™ did not 
feel that Kleinert’s compensation maximum 
test 
early glaucoma 

Caselli the test, 


which consists of a comparison of the systolic 


was very helpful in the diagnosis of 


describes Findeisen 


arterial pressures in the upright and in the 
horizontal position plus a comparison of the 
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pulse rate when the neck is flexed so that the 
chin touches the sternum. A fall of 15 mm. 


in blood pressure or a slowing down of eight 


or more heart beats is considered positive. 


Of 58 glaucomatous patients examined with 
Kindeisen’s test, 30% were found to show a 
positive result, 

Pau ** injected propadrine (norephedrine ) 
intravenously and found a greater rise in ten- 
sion in glaucomatous than in normal subjects. 

+. Tonography.—Grant has developed 
techniques for making tonographic measure- 
ments in enucleated eyes With these studies 
he has demonstrated that the scleral rigidity 
in rabbits decreases during 


He has also 


calibrated the electronic tonometer and found 


spontaneously 
the first hour or two after death 


that it vives results in satisfactory agreement 
with the mechanical Schigtz tonometer. 

Qt perhaps more interest to the clinician 
is the finding of a similar value for facility of 
outflow in enucleated eyes and in the eyes of 
that a stable 


rather than some function of the 


patients, sugyesting structure, 
general cir 
culatory system or nervous system, is respon 
sible for this resistance 

Stepanik “ suggests that tonography for 
the diagnosis of chronic simple glaucoma be 
done at the height of the diurnal curve, for 
the to at 


these times. 


resistance outflow was greatest 


\ndreani found that normal subjects 


always gave a normal response to Baxter's 
compression test. In chronic glaucoma sim- 
73% the 


outflow, 


plex of patients showed 


but 


coma only 23% showed diminished aqueous 


some 


reduced in prodromal glau 


drainage. 

Suda and associates ‘> demonstrated that 
the lowering of the ocular tension after com 
pression of the eyeball with a 50 gm. weight 


for 10 minutes was 75% in normal and 30% 


in glaucomatous eyes. In 17 cases of glau 
coma normalized by miotics and in 16 cases 
of so-called low-tension galucoma, the low- 
ering was 50% and 43%, respectively, on 
the average, suggesting that there was still 
a disturbance of the regulating mechanism. 


5. Perimetry.—lrancois and Verriest 


describe the field changes in glaucoma. In 


|| 
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acute congestuve glaucoma there Is a concen 
tric contraction, associated or not with nasal 
depression or with elongation of the poles ot 
the blind spot. In chromic simple glaucoma 
and in chronic congestive glaucoma, the arcu 
ate scotoma, depression of a nasal quadrant, 
juxtacecal scotoma, central defect, and cu 
neate defect occur, in that order of frequency 

\ concentric contraction of the field for 
red under low (20-lux) illumination seemed 


to be characteristic of early glaucoma and 


occurred betore Seidel’s or Byerrum’s sco 
toma.” 

Miles and Trapp * attempted further to 
refine the technique of flicker fusion. fields 
and could not demonstrate a striking advan 
tage of either a particular light-dark ratio o1 
a particular target intensity 

Concluding that the glaucomatous field de 
fects are produced by stretching of the nerve 
fibers at the lamina in the glaucomatous eye, 
Irvine ** demonstrated a thinning of the nerve 
fiber layer and a reduction of ganglion cells 
on the temporal side of a glaucomatous eye 

6. Phast 


Koetth 


l ariations By 
that 
determined by the rate of flow 


tonograpli 


means ce learned the diurnal 
Variations are 
of aqueou 

tension curves 


steadily ce 


measured the 


Huerkamp 


during the night and found a 


creasing curve until one hour alter rising, 


when the curve reversed and started up 


7. Gomioscopy \ brief, but comprehen 


sive, introduction to gomioscopy and a de 


scription of the examination of the vitreous 


and the fundus with the slit lamp by Gold 
mann“! are now available 
The trabecular region can be seen at the 


periphery of the posterior corneal surface in 


almost every person by external slit-lamp 


and associates * 


15% of the 


examination, and Burian 
state that 


amined the trabecular region ended cornea 


in about persons ex 


ward in a more or less prominent whitish 


line, identified as a prominent anterior 
border ring ot Schwalbe This they found 
was often associated with a mild to severe 


hypoplasia of the anterior stromal layers of 
the iris and other congenital anomalies, such 


but it was not 


as corectopia, polycoria, et 


causally related to glaucoma. Allen and asso 


ciates ™ feel that these rings are the result 
of excessive laving down of mesodermal tis 
sue in embryonic and fetal eves 

Further observations of the angle m= pa 
with inflammations 


tients anterior-segment 


by Kravitz? revealed the presence of adhe 
sions, synechiae, organized exudates, pig 
ment, and capillaries 
Grant and Chandler °° describe a surgical 
contact lens in which a continuous stream ot 
saline is injected, and a technique for gomo 
photography is described by Goodstem and 
colleagues.” 
the 


blood-aqueous barrier 


Iluorophotometry study. ot 
permeability of 
was made by Weinstein,’? and the chronic 
sunple glaucoma patients showed a normal 
In acute glaucoma, during an 
the 


limit of normal, but after the attack the pet 


permeability 


attack the permeability was at upper 


meabilitvy. was essentially inereased 
\n electrical control a sembly for the lit 
concentrations ol 


\ skov 


lamp determination of 


thuore Is ribed by 


I) MEDICAI PREATMENT OF GLAUCOMA 


lhree reviews of the treatment of glau 
coma have appeared this year, Thiel“ di 


vides his discussion into three parts. In the 


first he discusses the local treatment of glau 
coma with the mioties; in the second, the 
uses of ergotamine, barbiturates, morphine 


and Rauwolfia compounds to depress the 


vegetative centers of the hypothalamus, and, 


finally, the ganglion blocking druys 


Knighton emphasizes that open-angle 


ylaucoma cannot be consice red controlled 


unless there is no field progression, and 


McBain 


tages ol pilocarpine 


discusses the time-honored advan 
Suyar describes the 
virtues of the social worker in maintaming a 


vlau oma clini 


1. Acetacoleamide (Diamox).—The im 


port of acetazoleamide in the field of oph 
thalmology is unquestioned, but the mech 
which it diminishes 
still 
carbonic 


that 


anisi by aqueou 
Acetazole 


inhubitor 


formation 1s controversial, 


amide is a anhydrase 


lhe consensus 1s acetazoleamide in 
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hibits this enzyme, resulting in a diminu 
tion of secretion. Furthermore, Kinsey has 
demonstrated a 15% excess of bicarbonate 
in the anterior chamber as compared with the 
plasma, and an even greater excess (42% ) 
in the posterior chamber fluids, of the rabbit 
eye. He postulates that bicarbonate may play 
a pilot role in the formation of the aqueous 
humor. Thus, it has been further assumed 
that the inhibition of carbonic anhydrase 
may imteriere with the production or avail 
ability of bicarbonate and thus inhibit the 
formation of aqueous 

hriedenwald “supports this hypothesis 
and deseribes two distinet mechanisms by 
which it could occur. The effect of sodium 
bicarbonate and ammonium chloride on these 
mechanisms is contemplated, Becker“? sum 
marizes the tonoy evidence supporting 
this theory. To rule out the effects of 
diuresis, he emphasizes the tension-lowering 
effect of acetazoleamide nephrectomized 
animals. Vogelius and Brun ** have also dem 
onstrated this result. As additional support, 
Becker mentions the findings of Linnér and 
Kriedenwald that acetazoleamide induces a 
delay in the appearance time of intravenousl) 
injected fluorescein into the anterior chamber 

Sinular findings, plus the clinical use of 
acetazoleamide, are described by Breinin and 
(sortz.”” 

Other investigators are not in agreement 
with the above findings. Green '°° found that 
the intravenous administration of acetazole 
amide caused a 75% reduction in carbon 
anhydrase activity in the ciliary body and 
iris of rabbits in 15 minutes and a 93% in 
hibition in JO minutes. In a later paper,'”' 
he reports that the drug was administered 
subconjunctivally, as well as intravenously, 
with complete inhibition of the carbonic 
anhydrase activity, but no significant lower 
ing of the intraocular pressure was noted 
He concluded that the maintenance of the 
mtraccular pressure is not dependent upon 
the carbonic anhydrase activity of the uvea 
(jreen and his co-workers also demon 
strated no significant change in the bicar 
bonate ion concentration of the anterior 
chamber aqueous humor after intravenous 
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or subconjunctival administration of acet- 
azoleamide and conclude that the carbonic 
anhydrase has nothing to do with the bicar- 
bonate ion of the anterior chamber. 

linally, they report a new microspectro- 
photometric method for the determination of 
acetazoleamide in the aqueous humor.’ 

In an attempt to explain the absence of 
tension-lowering effect of acetazoleamide in 
some animals, Kinsey '’* altered the diet of 
his nonreacting rabbits so that it contained 
more sodium chloride. Approximately 90% 
ol animals subsisting on a ration containing 
0.5% sodium chloride responded positively, 
as compared with about 40% to 50% of the 
eves of animals subsisting on a ration con- 
taming O.2% sodium chloride. Of eyes dem 
onstrated to be unresponsive to acetazole 
amide, 95% were also made to respond by 
parenteral injection of the salt-retaining 
mineralocorticoid aldosterone 

Weinstein?’ believes that acetazoleamide 
functions by increasing the absorption of 
aqueous into the blood stream through de 
creasing the osmotic pressure of the blood, 
and Kleinert! 
lieves an edema at the chamber angle and so 
facilitates outflow. 


believes that the drug re 


Foss used acetazoleamide locally, with 
out effect on the intraocular pressure 

Clinically, Demers and Monfette rec 
ommend the use of acetazoleamide in acute 
feels that it has 
tens formation of a flat anterior chamber 


ylaucoma, and Murphy 


alter cataract extraction 

2. The Miotics.—(a) Cholinergic Drugs: 
1. Pilocarpine, Posner reports a case in 
which an elevation of tension followed. the 
use of pilocarpine. He postulates that the 
miosis flattened an iris crypt and thereby 
allowed a complete cohesion between iris and 
trabeculum to occur. Leydhecker also re 
ports a patient with elevation of tension from 
nmuotics, but this case followed an iris bombe 


in secondary glaucoma 


2. Mintacol (ditsopropyl-p-nitrophenol 
phosphate). This drug is considered more 
effective as a miotic than 4% pilocarpine by 
Bayo y Bayo and de la Pefia isostina 


(furthrethonium-p-toluenesulfonate) is de- 


A 

4 


Gl 


scribed by Cascio as a muotic with marked 


vasodilatory ettfect 


(b) Anticholinesterase Drugs: 1. lustig 
mine. This is chemically identical with neo 
stigmine (Prostigmin). Junghannss fre 
quently found it effective as a muiotic when 


piloc arpine was not. 


2. Isofluorophate. Retinal detachment as a 
result of isofluorophate therapy 1s reported 
by Westsmith and Abernathy.’** Fibrinous 
iritis following treatment with pilocarpine, 
physostigmine, and isofluorophate together 
was seen by and Andream cau 
tions against the use of isofluorophate in 
anatomically narrow angles because of the 
danger of precipitating an acute congestive 
attack 

3. Sympatholytic Drugs. Primrose '*" 
found phenoxybenzamine hydrochloride 
(Dibenzyvline), the successor to Dibenamune 
( etlec 
tive in lowering the pressure of 50% ot the 
patients with acute glaucoma, The side 
ettects are marked and can be serious. 

Miscellaneous Drugs.—Weekers and 
associates report the tension lowering 
fect of epinephrine, which they state is due 
to a reduction of inflow of aqueous. One 1 
stillation of a special solution lowered the 
ocular tension for two or three days. The 
drug is contraindicated in narrow angle 
glaucoma 

Francois £ noted the occurrence of second 
ary glaucoma in seven cases of chronic uvet 
tis and one of discission of the lens alter sey 
eral months of local therapy with cortisone 
It tends to disappear alter withdrawal of the 
drug. Laval and Collier *** report two cases 
with a similar occurrence due to system 
steroid therapy. In a_ shorter study, Co 
lombi '2* found no effect on pressure from 
local cortisone. 

Sébas '2° feels that the female sex hor 
mones decrease oculal tension and reports 
favorable results with progesterone 

MeGuire?”* uses bishydroxycoumarin 


(Dicumarol) to combat glaucomatous field 
+ References 119 and 120 
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changes in patients below Gv years ot age 


where the changes in field are moderate 


The maximal fall in intraocular pressure 
occurs eight minutes after retrobulbar injec- 
tion of procaine and epinephrine, according 
to Bettini?’ Tonographically, de Roetth 
found the reduction in tension to be due to 
a reduction in aqueous inflow 


to merease 


Smoking is shown by Sanna 
the tension, as well as the angioscotoma, 
and Bietti demonstrates an imereased re 
sponse to the water provocative test with one 
or two cigarets. This may suggest that smok 


ing is harmful to the glaucoma patient 


Schumacher '"! elicits a marked fall of in 
traocular pressure tollowing the system 
intravenous injection of salicylic acid, and 
Sakamoto '** prevents the rise of tension that 
occurs with oscillation of a rabbit) with 


diphenhydramine | Benadryl) 


FE. Surgican TREATMENT OF GLAUCOMA 


1. General Considerations.—-Ina long-term 


follow-up of patients subjected to the filter 


ing operations, Sédan '** concludes that oper 
ation is still an efficacious treatment for glau 
coma. In 213 of 262 cases, the tension was 
normalized. He feels that late obliteration 
of the fistula may be constitutional and 


famulial.!** 


Cataract formation occurred in 32.8% of 
254 fistulizing operations, and LeGrand 
believed that they were due to changes im 
the position of the lens and to modifications 
of the aqueous. Williamson-Noble '*" feels 
that absence of the chamber is contributory 

Hallerman believe that the occurrence 
of pupillary execrescences which imtertere 
with vision are an indication for operation 

2. lridectomy The advantages of the 
peripheral iridectomy im narrow angle glau 
coma are recorded by Trotter,** Posner,§ 
and Stoentchev.'** 

Wudka and Leopold’? produced eleva 
tions in intraocular pressure in rabbits with 
isofluorophate without angle closure occur 
ring. Complete iridectomy partially pre 
vented this rise, and they conelude that 
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iridectomly possesses 


some mechanism, in 
addition to relief of iris bombé, for lowering 
the 


done 


elevated intraocular pressure. Sbor- 
feels the iridectomy increases the 
permeability of the blood-aqueous barrier. 


5. Iridencleisis Mackie 


advocate the use of 


and Rubin 


stein iridencleisis in 


all 


Gaildemyn 


preference to iridectomy in cases of 


narrow-angle glaucoma, and 
recommends it for secondary glaucoma in 
aphakia, 


In Gsuenther's '*” opinion, the best site for 
the filtering area in iridencleisis is between 
ochlemm’s canal and Schwalbe’s ring. Stan 
kovi advocates the predissection of the 
bleb with subconjunctival air. 
Incarceration of only a small piece of 
peripheral portion of the iris is done by Pos 
ner,'’’ and the combined cataract extraction 
and iris inclusion operation gives good re 
Wenaas and Stertzbach.!”! 


sults for 
believes the iridencleisis fune 
revascularization of the 
Casellif thinks it 
functions by increasing the permeability of 


( ristini 
tions because of a 


anterior uvea, whereas 


the blood aqueous barrier. 


1. Trephination and Anterior Sclerecto 


The outcome of a second filtering 
operation of the same type is frequently the 
same as the first, according to Klemens,’ 


who feels that if the first operation fails, a 
should he 


The low-grade iritis following 


different type preferred tor the 
second eve 
sclerectomy operations is reviewed by Kalt 


ihe 


and associates,’’” who advocate the therapeu- 


tic use of mydriatics and hydrocortisone. 

lo prevent adherence of the conjunctiva 
to the trephine opening, Roig '*’ sutures a 
small silver tripod over the opening, and 
Stallard '** seals the trephine opening with 
a scleral plug in cases of late restoration of 
the anterior chamber 

Dusseldorf '®” advocates an inferior trephi 
nation below if the first fails, and Foroni '°° 
prefers an imverted T-sclerectomy. 


5. Cyclodialysis.—Kleinert '"* does not ac- 


cept the theory that cyclodialysis functions 
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the formation of 


successfully 


by reducing aqueous. 
Kamel the 
sion in one case of essential iris atrophy with 
cyclodialysis 


normalized ten- 


Nano '* performs his cyclodi 


alysis through a trephine opening under 
the lateral rectus 
6. C yclodiathermy. — Good results with 


cyclodiathermy are reported in 80% to 100% 
Maeder,'"* 
and in 70% b 

W eekers 


as the operation of choice in absolute glau- 


in 50% by Bar- 


of his cases by 


tolome,"' 


recommends cyclodiathermy 
coma, aphakie glaucoma, and glaucoma sec- 
ondary to uveitis and as a secondary opera- 
tion. Cascio ?’* believes that it 1s of value in 
infantile glaucoma 

Covell 


the operation and warns of the danger of 


was unfavorably impressed with 


sympathetic ophthalmia. Szymanski pre 


fers cycloelectrolysis. 


7. Goniotomy.—-Consistently better results 


are obtained in infantile glaucoma by Fun 
der with goniotomy than with DeWeck 
er’s anterior sclerectomy, Cusik # has devel- 
oped a modified eyelodialysis spatula with a 
its end, which does an inverted 


knife on 


gomotomy combined with eyelodialysis 
&. Miscellaneous Operations.—Vhe results 
of the posterior sclerotomy im 288 eyes, with 


or 


severe retinal complications in 6%, are re 


ported by 
Il. CONGENITAL GLAUCOMA 

Phe pathogenesis of infantile glaucoma is 

Barkan,!' his 

belief that the outflow of these eves is blocked 


reviewed by who reiterates 
by a thin, shagreen-like membrane covering 
the trabeculum. This concept ts 
Sihato.' 


\llen, 


cept this opinion but are of 


supporte d by 


do not ac 
the belief that 


inadequate 


Burian, and Braley 


infantile glaucoma is to 
cleavage of the sinus of the angle 
These concepts are discussed along with 
the diagnosis and treatment of infantile glau 
coma in a symposium presented at the Amer- 
ican Academy of Ophthalmology and Oto 


laryngology in 1954.'78 It was unanimously 
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felt that the treatment of infantile glaucoma 
was surgical, and the best results were ob- 
with angle survery, 


tained goniotomy 


and goniopuncture. Robertson '’’ concurs in 
these recommendations 

Tyner has obtained an exceptionally 
high percentage of successful results using 
the goniopuncture as a primary operation im 
far-advanced infantile glaucoma. The fact 
that this operation worked in many eyes with 
corneal diameters over 15 mm. suggests that 
its mechanism is different from that of goni- 
otomy, which does not work as frequently 
in these large eves 

Cramer '*! believes that surgical treatment 


of infantile glaucoma is mandatory, and 


Brockhurst '** reports that of 59 premature 


infants, 56 had normal intraocular pressures 


Itt ECONDARY GLAUCOMA 


Kronfeld'** confirms the concept that glau 


coma secondary to delayed restoration of 
the anterior chamber is due to dec reased out- 
flow 


outflow 


When miotics improve the tension, the 
is Increased, 

Phacolytic glaucoma is due to the escape 
fluid 


according to 


of lens from a hypermature cataract, 


Klocks,'** should be pre 


the extraction of all mature cata 


and 

vented by 

racts 
Wilson 


tion 


believes that capsular exfolia 


does not usually cause glaucoma, but 
that in most cases the glaucoma is primary 

Five cases of concussion or contusion glau 
Chi 


discuss the 


coma are reported by Ingman and 


naglia Cohen and Chamlin 
syndrome of uveitis with glaucoma and retro- 


bulbar Mattson? 
port a Case 


neuritis ‘and Zewi re- 


of glaucomatocychtic crises 


Two reports on essential irts atrophy are 
pre sented, one by de Ferrari 
Lloole 


subluxated lens with 


and one by 


Sivasubramaniam and (slaucoma 


due to a a fluctuating 


Marchi,'** 
report glau 


chambe 
Wollin 
coma with bilateral ectopia lentis in a dwart 


ash Ave 


anterior reported by 


and and associates 
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Stanford Spring Postgraduate Conference.—Stanford University School of 
Medicine will present the annual Postgraduate Conference in Ophthalmology 


from March 19 through March 23, 1956. 


who limit their practice to the treatment of diseases of the eye, or the eye 


Registration will be open to physicians 
, ar, 


nose, and throat. In order to allow free discussion by members of the Confer 
ence, registration will be limited to 30 physicians 
Instructors will be Dr. David L. Bassett, Dr. D. K. Pischel, Dr. Jerome W 
Bettman, Dr. Max Fine, Dr. Earle H. McBain, and Dr. Arthur J. Jampolsky. 
Programs and further information may be obtained from the office of the 
Dean, Stanford University School of Medicine, 2398 Sacramento St., San Fran 


cisco 15. 


| 
| 
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GENERAL NEWS 
The Research Study Club of Los Angeles. | hie Research Study Club of Los 


Angeles announces its 25th Annual Mid-Winter Clinical Convention in Ophthal 


mology and Otolaryngology, Jan. 16 through Jan, 27, 1956. 


For the ear-nose-throat program, the main guest lecturers will include Dr 
Benjamin H. Shuster, Professor of Otolaryngology, Graduate School of Medicine 
University of Pennsylvania, Philadelphia; Dr. French K. Hansel, Director, Hansel 
Foundation, and Associate Professor of Otolaryngology, Washington University, 
St. Louis; Dr. Edmund I’. Fowler Jr, Professor of Otolaryngology, Columbia 
University College of lhysicians and Surgeons, and Director of Otolaryngological 
Service, Presbyterian Hospital, New York, and Chauncey D. Leake, Ph.D., Pro 
fessor of Pharmacology and Assistant Dean, Ohio State University Health Center, 
Columbus, Ohio 

Phe main guest lecturers for the eye program will be Dr. If. Bruce Fralick, 
Professor of Ophthalmology and Head of the Department, University of Michigan, 
\nn Arbor; Dr. Harold F. Falls, Associate lrofessor of Ophthalmology, and 
\ssociate Geneticist, Institute of Human Biology, University of Michigan, Ann 
Arbor, and Dr. David ©. Harrington, Associate Climeal Professor of ()phthal 
mology, University of California, Berkeley 

Instruction courses in ophthalmology will be presented by Dr. Harrington on 
flicker-fusion perimetry; Dr. Homer I. Smith, of Salt Lake City, on anterior 
chamber hemorrhages; Dr. James N. Greear |Jr., of Reno, on intraocular tumor 
Dr. Max Fine, of San Francisco, on keratoplasty, and Dr. W. C. Cameron, ot 
‘Tacoma, on cataract surgery 

The first week will be devoted to the ear, nose, and throat from Monday to 
Friday, Jan. 16 through Jan. 20. The eye week will cover Monday to Friday, 
Jan. 23 through Jan. 27. Those of us who confine our work to only one of these 
specialties may complete either subject in one week, or remain for the full two weel 

Motion pictures of ear-nose-throat subjects will be shown on Monday, Tuesday 
Vhursday, and Friday, Jan. 16, 17, 19, and 20, 3:00 to 4:00 p.m. Eye subject 
will be presented on Wednesday afternoon of the eve wee h 

On ‘Thursday evening, Jan. 19, at 7 p. m., the annual banquet of the Los Angele 
Society of Ophthalmology and Otolaryngology will honor the guest lecturers of 
that week, in the El Venado Room of the Elks Club 

The American Laryngological, Rhinological, and Otological Society, Western 

ction, will hold its annual meeting in San Francisco between the two weel 
tins Convention, on Saturday, Jan. 21, 1956. This will permit our member 
attend the San Francisco meeting and return to Los Angeles for the eye 
Programs of the San lrancisco meeting will be available at the registration « 
at the Club 

It is advised that you write for reservations at an early date to Myr 
Philbin, Manager of the -lks Club, 607 S. Parkview St., Los Angeles 5 

ach applicant must be a member, in good standing, of the American Medical 


/ 


\ssociation in order to become eligible for attendance at the Convention, The fee 
ior the entire two weeks, or any part of it, 1s $100 and include the cost of all 
luncheons. Checks should be made payable to “Mid-Winter Clinical Convention” 
and mailed to Norman Jesberg, M.D., treasurer, 500 S. Lucas Ave., Los Angeles 17 


New Review Journal in Ophthalmology.-.\ new review journal, The Survey 
of Ophthalmology, will begin publication in February, 1956. Frank W. Newell, 
Professor of Ophthalmology at the University of Chicago, is editor, and William 
& Wilkins Company, of Baltimore, are the publishers. The journal will sift, con 
dense, and comment on the world ophthalmic literature and will present review 
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articles. Advisory editors are William [. Benedict, William B. Clark, F. Herbert 
Haessler, Peter C. Kronfeld, Algernon 1. Reese, Phillips Thygeson, and Derrick 
Vail. Contributing editors are Henry F. Allen, Bernard Becker, Alson E. Braley, 
Hermann M. Burian, Harold F. Falls, George M. Haik, John W. Henderson, John 
Woodworth Henderson, Bertha Klien, James [. Lebensohn, Albert N. Lemoine TF, 
Irving H. Leopold, Otto Lowenstein, ?. Robb McDonald, Austin Riesen, Theo 
dore I. Sanders, David Schoch, Daniel Snydacker, H. Saul Sugar, Edwin F. Tait, 
(,ordon L.. Walls, and Arthur Linksz 

The Survey of Ophthalmology will appear bimonthly, in the months of February, 
April, June, August, October, and December. The subseription is $9.00 annually 


Fifth Congress of Pan-American Medical Women’s Alliance. Fifth 
Congress of the Pan-American Medical Women’s Alliance will be held in 
santiago and Viiia del Mar, Chile, March 6-14, 1956. Opportunities for sight 
seeing and visits to medical programs in Mexico, Salvador, Panama, Chile, 


tolivia, and Peru have been arranged 

Information may be obtained from the secretary, Dr. Eva Dodge, 2124 W 
lith St., Little Rock, Ark., or from the program chairman, Dr. Eva Cutright, 
Wooster, Ohio 


Friedenwald Memorial Fund. recognition of the profound interest in 
research and the brilliant accomplishments of Dr. Jonas S. Friedenwald, the 
trustees of the Association for Research in Ophthalmology announce the establish 
ment of the “I'riedenwald Memorial Fund.” The fund will be used for awards for 
meritorious research in ophthalmology and related sciences 

Contributions to the fund may be sent to David G. Cogan, M.D., chairman of 
the Committee, 243 Charles St., Boston, or to Bernard Becker, M.D.. G40 S. 
Kingshighway Blvd., St. Louis 10, or to Dr. V. Everett Kinsey, Kresge Eye 
Institute, O90 Mullett St., Detroit 
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The Neuroanatomical Basis for Clinical Neurology. by lalmadge L. Peele, M.D 
Price, $12.50. Pp. 564, with 313 illustrations. MeGraw-Hill Book Company, 
Inc., 330 W, 42d St., New York 18, 1954 


The basis of neurological diagnosis is neuroanatomy, and an anatomist with 
a physiological point of view and some clinical training is in a favored position 
to produce the ideal textbook of neurology. This book seems to be the product of 
that happy combination of circumstances, and, judged by the chapters which deal 
with neuro-ophthalmology, the author has well achieved his purpose of combin 
ing descriptive neuroanatomy, neurophysiology, and clinical neurology 

The parts of the book which will be most useful to ophthalmologists are the 
sections on the prefrontal regions of the frontal lobes, the chapter on the cranial 
nerves, and the chapter on the visual pathways and the occipital lobe. Much new 
material is included, and the printing and illustrations are excellent 


Advances in Ophthalmology. by Streif. l’rice, 39.50 Swiss franes. Pp. 323, with 42 
illustrations. S. Karger, AG., Arnold Bocklinstrasse 25, Basel, Switzerland, 
1954. 


Ihe fourth edition of this continued report on the advances made in ophthal 
mology covers the following subjects : 

Orbital Implants, D. P. Choyce, London 

Gonioscopy, J. Francois, Gent 

Physical Optics and Dioptrics, M. C. Colenbrander, Leiden 

Teratology of the Eye Itself and Its Relation to the Rest of the Organism, P. J. Waarden 
burg, Leiden 

Embryology of the Eye in Relation to General Somatic Embryology, P. J. Waardenburg, 
Leiden 


Cornea and Sclera: Review of the Literature from 1946 to 1951, Pt. I, S. Forni, Geneva 


nly two sections are in English, the one on Orbital Implants and the one on 
Physical ¢ Jptics, so that the usefulness of this book 1s limited to those who read 
both German and French, as well as lIenglish. Undoubtedly the [uropean 
ophthalmologists will find this of greater value than we in this country, who are 
not so facile in languages. As usual, the printing and illustrations are excellent, 
and the book serves a useful purpose in bringing isolated subjects up-to-date 


Potencializacion farmacodinamica en oftalmologia. Joaquin Barraquer Monet 
Pp. 203. Publicaciones Monograficas del Instituto Barraquer, Barcelona, 
Spain, 1955 


Taking as a basis the theories of Laborit and Huguenard who in 1955 pub 
lished the first results of a technique of anesthesia, which they called “General 
Anesthesia Without General Anesthetic Agents,” the author applies these results 
to anesthesia in ophthalmic surgery. This technique is based on the following 
three points: conscious suppression of pain; akinesia or suppression of the motor 
impulses to the striate muscles, and elimination of defense reflexes of the neuro 
vegetative system. This is achieved with the following combination of pharmaco 
logical agents: barbiturates (phenobarbital | Luminal], pentobarbital | Nembutal | 
and thiopental {lentothal|) ; ganglioplegics (diethazine | Diparcol|, promethazine 
| Phenergan]|, hexamethonium, procaine, and chlorpromazine | Largactil| ; anal 
gesics (meperidine [Dolantin] ) ; curare-like drugs (curare |Curarine]) ; parasym 
pathicolytic agents (atropine) ; sympathicolytic agents (ergotamine and hydergine 
{three hydrogenated ergot alkaloids|), and local instillation anesthetics (tetracaine 


2% and cocaine 10% solution). This book includes statistics of the cases in which 


this method was used, illustrations of ocular nerve supply, and photographs of 
twenty cases showing the preoperative appearance and postoperative results. 
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Understanding Surgery. Kobert Ik. Rothenberg, F.A.C.S., Editor. Price, $0.50 


Ip. 620, including index, with 102 illustrations. Pocket Books, Inc., 630 Fifth 


\ve., New York 20, 1955. 


‘The intent of this book is to allay the unnecessary fears and anxieties of patients 
about to undergo surgery. The author believes that many of these fears can be 
minimized by a frank and simple explanation of the things that the patient will 
experience during his stay in the hospital. It is undoubtedly true that ignorance 
creates fears and that physicians do not realize what a traumatic experience it ts 
for most people to come to the hospital as a patient for the first time 


The author has had the assistance of seven co-authors in covering the entire 
field of surgery. The section on eye surgery has been done by Dr. Bernard L 
Small, an Associate Attending Ophthalmologist at the Jewish Hospital in Brooklyn 

The purpose of the book is admirably carried out and, if it can be gotten to 
the right people at the right time, will undoubtedly be helpful. It would seem to 
the reviewer that the only possible way it could serve its purpose would be for 
hospitals to provide the book for each patient on admission. It would certainly 
be more helpful than the practice of one hospital the reviewer knows of, where a 
large volume embracing the history of the hospital is offered for light reading 


Each field is fairly well covered by presenting the main facts which the patient 
should know, followed by a series of questions and answers. The section on the 
eye covers surgery of the cornea and eyelids, cataract, strabismus, glaucoma, and 
retinal detachment, and the removal of an eye. While there are naturally many 
points which could be disagreed with by other surgeons. leach author has en 
deavored to omit all controversial questions and to give what would be average 
answers to the questions posed 


Ageing—General Aspects. Volume |. By G. Fk. W. Wolstenholme and Margaret 
Cameron, Editors for the Ciba Foundation. Price, $6.75. Pp. 255, including 


index, with 38 illustrations. Little, Brown & Company, 34 Beacon St., Boston 
6, 1955. 


This latest publication of the Ciba Foundation is the result of a colloquium 
on aging, its general aspects, by a well-known group of gerontologists, patholo 
gists, and biologists. The Ciba Foundation is an educational and scientific charity 
founded in 1947 by the chemical and pharmaceutical firm of Ciba, with head 
quarters in Basel, Switzerland. As expressed by W. B. Bean, one of the members 
of the panel, a colloquium means “talking to each other.” The value of all of the 
Ciba publications lies not only in the preeminence of the men who are invited 
to form a panel in their chosen field, but in the fact that they have an opportunity 
of “talking to each other,” and this conversation is taken down verbatim, so 
that the reader may see for himself how the experts disagree with each other 
and in what ways they resolve these disagreements—sometimes, it is true, in 


agreeing to disagree 


Chis volume on aging is interesting reading, and of value to any physician 
who deals with elderly people, and this certainly includes the ophthalmologist. It 
does not deal specifically with any of the problems of our cataract patients, or 
how to treat the elderly, but poses the more academic questions of what consti 
tutes aging and what constitutes senescence. The mental aspects of aging, the 
psychology of the aged, the effects of aging on respiratory function, and the 
incidence of certain vascular lesions of the skin with aging come as close as any 
of the separate presentations by the different authors to the problems of aging 
encountered by the practicing physician and surgeon, but all of the presentations 
contain valuable background information, and should be enjoyed by those who 
wish to keep their knowledge cf general biology and medicine up-to-date 


\ simple piece of metal or of zylonite but it can make the difference 
between a satisfied patient and a much needed correction 
discarded because of improper or careless fitting. In the hands 
of your GUILD OPTICIAN this temple becomes an integral part 


of the eye wear which you have prescribed for better vision. 
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Do you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N. Y 


YOUR 


Divided into sections, one devoted to 

books and the other to periodical literature, 
GUIDE TO the QUARTERLY CUMULATIVE 

INDEX MEDICUS contains a list of 

current publications alphabetized 

CURRENT PUBLICATIONS as to authors and subjects. The exact 

bibliographic reference is given under the 
author with titles in the original language, 
while tithes under subjects are all in 
English. The index also includes a listing 
of journals, addresses and publishers. 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a year; 
volumes are cloth bound and cover 
periodicals for six months as indicated 

on the publication. These two volumes will 
be a convenient and inclusive reference 

for current medical literature. Invaluable 
for practitioners, specialists, teachers, 
editors, writers, investigators, 

students and libraries 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN ° CHICAGO 10 
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SIMPLIFIED ASTIGMOMETER 


(Lebensohn) 


PLASTIC 
WASHABLE 
“NO COMPUTATION REQUIRED” 


CAN BE USED AT 10 OR 20 FEET 


Send for Literature 


EACH $9.75 


(Actual size 1344” x 14%) 


New Near Chart 
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NEARPOINT “E” CHART / 


sy 


GUIBOR Symbol Near Chart now available 


in durable and soilproof plastic. Gives dis- 
tance equivalents, as well as quantitative 
* measurements for near vision. FE. Symbol 


TO BE HELD FOURTEEN INCHES FROM THE EVE understood by all 


Place your order now 


Actual size 6" x 6” 


OPHTHALMIC 
OPTICIAIL!S 


DISPENSING SERVICE mh SERVICE 


Loop Office: 


111 N. Wabash, at Washington \oO Wilmette Office: 


9th Floor STate 2-5362 1139 Central Avenue 
CHICAGO, ILL. (Formerly Belgard, Inc.) WILMETTE, ILL. 
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Now you can detect 


intra-cranial lesions 


affecting the optic tract. ... 


or rule them out— 
in 3 or 4 minutes— 


with the O’Brien 
Central Field 


Screening Tests 


“The Visual Tracts are subject to 
frequent involvement, secondary in 
nature, which often gives accurate 
clue to the pathology.”’—Importance 
of optic tract as indicator of possible 
pathology has been stressed by Krim 


sky, Traquair, Fuchs, Duke-Elder, ete 


lests for 
Central Scotoma 


Hemianopsia: 
llomonymous, 


Binasal or Bi 
temporal 
Altitudinal Defects 


\ 
Quadrant or Sector 
Defects 


When you're busy, you'll especially 
appreciate Dr. Miles O'Brien's sereen 
ing tests... positive findings indicate 


the need for further investigation. 


Mail the coupon for circular. 


The Berman Metal L 


Locator 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids. 
Probing or physical contact with the foreign body is 
not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “pin-point” accuracy within the incision 
and postoperative check. 

Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Rockaway Bivd. Ozone Park 20, N.Y. 


KEYSTONE VIEW CO., Meadville, Pa. 
Please send Circular showing Charts of James 

Miles O'Brien, M.D., and giving his discussion ot 

the diagnostic scope of Central Field Screening 


(Name) 


(Address) 


NEW ORLEANS ACADEMY OF 
OPHTHALMOLOGY 


The Sixth Annual Meeting of the New 
Orleans Academy of Ophthalmology will 
be held in New Orleans in the Roosevelt 
Hotel, January 3-6, 1956, featuring “Dis- 
eases and Surgery of the Lens.” The regis- 
tration fee of $75 includes associate mem- 
bership in the Academy for the year 1956, 
as well as all other features of the conven- 
tion. Hotel Reservations should be made 
EARLY by writing directly to the Roose- 
velt Hotel or to 211 S. Saratoga St., New 


Orleans, La. 
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up to 63% of Vital Vision* - 


Will she be caring for your kids... when it happens? 


* It won’t be her fault—but she’s bound to make a mistake. It 
could be deadly. Even with bifocals, she has lost 20/20 vision at 
intermediate—this vision may be vital. We know how much she’s 
lost. You can have this information without cost. Our compre- 
hensive study of visual loss in presbyopia is completed, and results 

. are available. We respectfully suggest that you employ this chart 

i. of average losses in Vital Vision for bifocal wearers—carefully com- 

2 puted for you by age, by strength of Rx. 

Never has there been such strong evidence for the considera- 
tion of CV lenses for bifocal patients 50 and over. 


UNIVIS 


The \JNIVIS LENS COMPANY 


Professional Service Department 
DAYTON, OHIO 
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Gonioscope 


Instrumentation for 


MICRO-GONIOSCOPY and GONIOTOMY 


after Otto Barkan, M.D. 
GONIOSCOPE (illustrated) floor model, for of- 


fice and hospital surgery....... $185.00 
CORNEAL MICROSCOPE B&L........... 180.00 
CORNEAL MICROSCOPE Haag-Streit....... 225.00 
Your own Corneal Microscope adapted to gonio- 


Otto Barkan Focal Illuminator (hand lamp) 
with plug in transformer................ 42.50 


Otto Barkan-Koeppe Diagnostic Lens (for viewing 
the angle) small (infant) 16 & 17 mm 
(medium) 18 & 19 large (adult) 20 mm in 


Otto Barkan Surgical Goniotomy Lens 

small (infant) med. (child and adult). . . 45.00 
Otto Barkan Surgical Knife (latest model). . . 9.75 


Otto Barkan Operating Lamp 


PARSONS OPTICAL LABORATORIES, INC. 


518-20 Powell Street San Francisco 2, Calif. 


A necessity in every eye operating room and wherever eye injuries are treated. 


all important solutions 
required for ocular surgery 


write now for details to OPHTHALMOS, 


pend 


INC. 
UNION CITY, N. J. 
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Single Dose Disposable Dropper Unit 


Meth 
cellulose 


5% AND 2.5% 


Sterile, buffered ophthalmic suspensions of Cortisone 
Acetate and Hydrocortisone Acetate for topical use. In 
Methyl Cellulose for more uniform suspension, more pro- 
longed contact (5 to 6 times longer), and better disper- 
sion when applied to the eye. 


ADVANTAGES OF DROP-TAINER PRODUCTS 


e Sterile e Stable e Preserved against contamination 
e Convenient to carry and use: better drop control 
@ Economical: non-spillable and non-breakable @ Uniform 


Available from pharmacies and wholesale drug suppliers throughout Alcom 
the U.S.A. and Canada (Canadian Distributors, Imperial Optical 
miotics, m riatics, ane etics, e@fc., mn ro ainer 
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SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 


McLEAN TONOMETER 


This is a most accurate instrument for measuring intraocular pressure 
It is simple in construction and operation, has a direct reading seale 
The seale shows normal and abnormal limits of tension in red and 


blac k 
Supplied in case, 355.00 


HERTEL EXOPHTHALMOMETER 


Improved over the original German model, in that it has front surface 
mirrors which do away with parallax, this exophthalmometer enables the 
examiner to measure the degree of exophthalmos accurately and rapidly 
without assistance 


The right member slides over a calibrated millimeter rule. Fach member has two mirrors mounted at 
right angles, one above the other. When the instrument ts in position, with the two outer points in contact 
with the temporal margin of each orbit, the profile of the cornea is seen in one mirror and the scale in the 
other. The seale reading directly above the corneal images gives its protrusion in millimeters 

Phe separation of the two members is shown on the slide. All measurements of the same case must b 
made with the members separated to the same reading on the sliding scale 


supplied in case Price $55.00 
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MAKE IT HARDER 
DRIVING AT NIGHT | DVORINE J 

PSEUDO- 


ISOCHROMATIC 


PLATES 


If You Wear Glasses and Drive at Night Exclusive Features 


Notice how reflections from electric signs, e A test for color nomenclature, to distinguish 


street lights and headlights on the surfaces of the color blind from the color ignorant. 
your glasses are very annoying? These are 


“ghost images” that hamper clear vision and add @ A special section for testing very young chil- 
to the chore of night driving dren and illiterates. 
P @ The set contains 23 pletes with eight different 
MAY LITh, a hard, able, iin 1 
Fluoride, night color combinations, for the identification of 
easier, specific confusion colors. 

@ The pages are mounted in a loose-leaf, six- 
ring cloth-covered binder, to permit the ex- 
aminer to change the sequence of the plates 

to outwit the malingerer. 


Price of the set 


(A valid and reliable test for 
color blindness.) 


Complete Your Professional Service By Adding 


The Best in Sight i $12.00 
MAY-0O-LITE 


Low Heflection Coating 


(with directions) 
Less 5%, if check accompanies order. 


SCIENTIFIC PUBLISHING CO. 
MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn Dept. A, 2328 Eutaw Place, Baltimore 17, Md. 
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Christmas morning... and the 
rewards of giving are seeing the 
enraptuted faces of children... 
and hearing their cries of joy. 
The tinseled tree trembles with 
their bedlam, but to the ones 
who gave comes a calm that's 


the spirit of Christmas itself... 


the peade of the joy of giving. 


foy of Giving 
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THE NEW MUELLER 
Electric 


CORNEAL TREPHINE 


ORDER YOURS NOW 
AT NEW SPECIAL LOW PRICE 


Balanced—Smooth, Clean Cutting 
Complete with Special Battery Box 


THE WITZEMAN BUR—A round, me- 
THE TREPHINE—A new model with a specially designed dium corneal 
little motor of unusual power and smoothness, for quick, © 


with the Green-type cutting blades on 
clean cutting, even with the larger sizes of transplant the Mueller Electric Trephine. A very 


cutters. A convenient finger control switch gives you useful and efficient instrument for the 
instant start or stop of the trephine blade. Light weight, removal of stains, é 
beautifully, precisely built and balanced, the trephine is etc., 
furnished complete in a fitted case with two cuttin i a 

P 9 foreign bodies. (Other 
blades (1.5 mm. and 2 mm.) and including a special long- 


sizes, special, to order.) 
life battery box. Save $25.00! Special. Each $72.50 Each, $5.25 


Instrument Makers To The Profession Since 1895 


DY G. 330 SOUTH HONORE STREET 
/Muecller & CHICAGO 12, ILLINOIS 


C, ARTIFICIAL EYE Sexuice 


Haperience gained through over 100 years of artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 


from stock. Eyes fitted to all types of motility implants 


ities Orders filled the same day received 
rtifici 
a Ic al Eyes sent on memorandum 
eye selection Liberal assortment of either glass or plastic 
Samples accurately matched 


through the mail Superior quality eyes—Finest workmanship 


WRITE FOR FREE COLOR CHART AND SIZE GUIDE 


510 Madison Avenue 
New York 22, New York 
DETROIT CLEVELAND KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON «+ PHILADELPHIA «+ PITTSBURGH + WASHINGTON 


Chicago 2, Illinois 
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Establiehed 
1929 


with exclusive 
WIRE CORE 
CONTOUR TEMPLES 


Eyes Bridges 
42 20 Truly inspired styling, influenced by the newest trend 
44 20, 22 in exotic frame design. In a colorful collection of 
46 20, 22 solids . . . And in distinctive, new maze colors: 
ON MECHANICAL CENTER Coco, Blue, Rose, Charcoal (in two-tone and overall). 
Tinsels are available. 


e For your patient's sake. . . 
prescribe an extra pair AVAILABLE ONLY THROUGH YOUR PRESCRIPTION AND SUPPLY HOUSE 


ZYLO WARE CORP. 11-15 47th Avenue . . Long Island City I, N. Y, 
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Dependable, 
accurale, 


easy-to-use 


WELCH ALLYN 
Ophthalmoscopes 


Partner your practice 
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WV. wanted to be as modern 


with our greetings as we are 
with our frames. .. 
but find, after all, there really 
is no better way to express 
the sincerity of our wishes than 


just to say in the old, old way: 
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